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ୈ1ষ ͸͡Ίʹ
1.1 ݚڀͷഎܠ
ܭࢉػʹΑΔ൐૗ɽ࠾ේɼ࡞ۂɼ࡞ۂࢧԉɼಛ௃நग़ͱ͍ٕͬͨज़ͷࣗಈԽͳͲɼԻ
ָΛܭࢉػͰѻ͏ݚڀ͕ۙ೥׆ൃʹߦΘΕ͍ͯΔ [1]ɽ͔͠͠ͳ͕Βɼܭࢉػ͕ԻָΛೝ
ࣝ͢Δͱ͍͏͜ͱ͸ඇৗʹ೉͍͜͠ͱͰ͋Γɼܭࢉػ͕ͨͩద౰ʹԻΛׂΓ౰͚ͯͨͩ
Ͱ͸Իָͱͯ͠੒Γཱͨͣɼฉ͖͍ۤ͠ϝϩσΟͱͳΔɽܭࢉػ͕ԻָΛѻ͏ͨΊʹ͸ɼ
ָۂͷߏ଄Λਖ਼͘͠ೝࣝ͢Δඞཁ͕͋Δɽ
ָۂͷߏ଄ʹ͸཯ಈɼટ཯ɼ࿨੠ͱ͍ͬͨ֓೦͕͋Γɼ͜ΕΒ͕ଗͬͯܗΛͳ͢ɽຊ
ݚڀͰ͸ɼͦͷதͰ΋࿨੠ʹ஫໨͠ɼ࿨੠Λܭࢉػ͕ೝࣝ͢Δ࿨੠ղੳΛѻ͏ɽ࿨੠ͱ
͸࿨Իͷ࿈࠯Ͱ͋Γɼָۂͷڹ͖Λදݱ͢ΔͨΊ࡞ۂ΍ฤۂͷجૅͱͳΔԻָཧ࿦Ͱ͋
Δ [2][3][4][5]ɽ୅දతͳྫͱͯ͠मྱͷ࿨੠͕͋Δ (ਤ 1.1).͜ͷϝϩσΟΛฉ͘ͱͱͯ΋
ௌ͖΍͘͢ײ͡ΒΕΔ. ൓໘ɼېଇͷ࿨੠ͱݺ͹ΕΔϝϩσΟ͸ௌ͖ਏ͘ײ͡Δ (ਤ 1.2)ɽ
͜ͷ༷ͳ࿨੠ͷྑ͠ѱ͠Λ൑அ͢Δʹ͸Χσϯπͱݺ͹ΕΔنଇʹΑΓఆΊΒΕ͍ͯΔ.
͋Δ࿨Իͷ࣍ʹͲΜͳ࿨Ի͕དྷΕ͹ඒ͍͠ਐߦͱͳΔ͔͸͜ͷΧσϯπʹΑΓܾΊΒΕ
͍ͯΔ͕ɼಛఆͷ࿨Իͷ৔߹ʹ͸Χσϯπͷਐߦʹै͍ͬͯͯ΋ೝΊΒΕͳ͍ͱ͍ͬͨ
Α͏ʹ༷ʑͳ੍໿͕ଘࡏ͢ΔɽҰൠతʹָۂ͸࿨੠ʹैͬͯ࡞ΒΕ͍ͯΔ΋ͷͷɼͦΕ͸
ઈରͰ͸ͳ͘࡞ۂऀͷҙਤʹΑΓແࢹ͞Ε͍ͯΔ৔߹͕͋Δɽ࿨੠ֶͱ͸ྑ͍ਐߦɼѱ
͍ਐߦΛ·ͱΊͨ΋ͷͰ͋Δ͕ɼ݁ہ͸աڈͷָۂ͔ΒಘΒΕͨਐߦʹ͍ͭͯͷ৘ใʹ
ա͗ͣɼܦݧଇʹΑͬͯ੒Γཱ͍ͬͯΔɽָۂʹ͋Δఔ౓ͷ๏ଇੑΛ࣋ͨͤΔ͜ͱ͕Ͱ
͖Δ͕ઈରతͳ΋ͷͰ͸ͳ͘ɼಉָ͡ۂʹ࿨੠ֶʹशख़ͨ͠ऀෳ਺ਓ͕࿨੠Λৼͬͨͱ
ͯ͠΋ඞͣݟղ͕Ұக͢ΔΑ͏ͳ΋ͷͰ͸ͳ͍ɽௌ͖΍͍͢ɼௌ͖ͮΒ͍ͱ͍ͬͨɼ௚
ײతʹ͸ϧʔϧ͕ଘࡏ͢Δ͜ͱΛཧղ͍ͯ͠Δ΋ͷͷɼ׬શʹཧ࿦෇͚͢Δ͜ͱ͸ग़དྷ
͍ͯͳ͍ɽ͜ͷΑ͏ʹ࿨੠ͱ͸ᐆດͳ΋ͷͰ͋Γܭࢉػ΁ͷ࣮૷͸ࠔ೉Ͱ͋Δ͕ɼ࿨੠
͸ௌ͖खʹ͔ͳΓͷӨڹΛ༩͑ΔඇৗʹॏཁͳཁૉͰ͋ΔͨΊɼԻָΛܭࢉػͰѻ͏ͨ
Ίʹ͸࿨੠ͷղੳ͕ඞਢͰ͋Δɽ
·ͨɼ࿨੠ղੳ͸ԻָՈ΁ͷԋ૗ࢧԉͱ͍ͬͨԠ༻΋ظ଴͞Ε͍ͯΔɽԻָՈ͸ָۂ
Λԋ૗͢Δࡍɼָۂͷղऍ΍දݱྗΛߴΊΔͨΊʹΞφϦʔθΛߦͳ͏ɽΞφϦʔθͷ
Ұ෦ʹ࿨੠Λ෇༩͢Δ࿨੠෼ੳ͕͋Δɽ࿨੠෼ੳ͸Իͷ഑ஔ΍૊Έ߹ΘͤʹࠐΊΒΕͨ
ҙຯΛಡΈղͨ͘Ίʹඞཁͳ࡞ۀ͕ͩɼҰۂΛ࿨੠෼ੳ͢Δ͚ͩͰ΋͕͔͔࣌ؒΔͨΊɼ
࿨੠෼ੳʹ͓͚Δίετ͸ߴ͍ɽ࿨੠Λܭࢉػ͕ೝࣝ͢Δ͜ͱ͕Ͱ͖Ε͹ɼ࿨੠෼ੳʹ
͔͔Δίετ͸ང͔ʹ௿͘ͳΔɽ
Ҏ্ͷ͜ͱ͔Β࿨੠ղੳʹର͢Δधཁ͸ߴ͘ɼݚڀ͸෯޿͘ߦΘΕ͍ͯΔɽ͔͠͠ɼ࿨
੠ղੳ͸Ԡ༻ݚڀͷͨΊͷݚڀͰ͋Δ͕ɼطଘͷݚڀͰ͸ग़ྗͷਫ਼౓ΛߴΊ͍ͯ͘Ξϧ
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ΰϦζϜͷఏҊ͕ଟ͘ɼ࿨੠ղੳΛԠ༻ݚڀʹ׆͔ͤΔΑ͏ͳ࿮૊Έͷඞཁੑʹ͍ͭͯ
͸ٞ࿦͞Ε͍ͯͳ͔ͬͨɽ
·ͨɼ࿨੠ͷग़ྗ݁Ռָ͕ේͱ෼཭͞Ε͍ͯͨΓɼԻָՈຖʹҟͳΔ࿨੠෼ੳํ๏ʹ
ରԠग़དྷ͍ͯͳ͍ͨΊɼԻָՈ΁ͷԋ૗ࢧԉͷͨΊͷԠ༻͸ݱ࣮తͰ͸ͳ͍ɽຊདྷͰ͋
Ε͹࿨੠Λผͷղੳͷύϥϝʔλͱͯ͠࢖͑ΔΑ͏ͳ࢓૊Έ΍ɼ࿨੠ͷ݁ՌΛϢʔβʔ
ࣗ਎͕֬ೝͨ͠Γɼࣗ༝ʹૢ࡞ͨ͠ΓͰ͖Δ࢓૊Έ͕ඞཁͰ͋Δɽ
ਤ 1.1: मྱͷ࿨੠
ਤ 1.2: ېଇͷ࿨੠
1.2 ݚڀͷ໨త
ຊݚڀͰ͸ɼָయΛߟྀͨ͠࿨੠ղੳ͓Αͼ࿨੠ղੳΛ༻͍ͨԠ༻ݚڀͷαϙʔτɼΤ
ϯυϢʔβʔʹΑΔ࿨੠෼ੳࢧԉΛ໨తͱͨ͠࿨੠ղੳϑϨʔϜϫʔΫΛఏҊ͢Δɽߟ
ྀ͢Δָయ΍ΞϧΰϦζϜΛऔࣺબ୒͢Δ͜ͱ͕Ͱ͖ɼ༷ʑͳ࿨੠ղੳΞϧΰϦζϜΛ
࣮ݱͰ͖ΔΑ͏ʹ͢Δɽ·ͨɼ࿨੠ղੳʹඞཁͳϓϩηεΛ෼ׂ͠ɼͦΕͧΕಠཱͨ͠
Ϟδϡʔϧͱͯ͠ఆٛ͢Δ͜ͱʹΑΓɼ࿨੠ղੳҎ֎ͷָۂղੳ΍Ԡ༻ݚڀ΋Մೳʹ͢
Δ࿮૊ΈΛఏҊ͢Δɽԋ૗ࢧԉͱͯ͠΋Ԡ༻Ͱ͖ΔΑ͏ʹɼMusicXMLʹղੳ݁ՌΛϨ
ϯμϦϯάͰ͖ΔMusicXMLม׵Ϟδϡʔϧ΋ఏҊ͠ɼ࿨੠ֶʹशख़͍ͯ͠ͳ͍ऀ΋͋
Δఔ౓ͷ࿨੠෼ੳΛߦ͑Δ༷ʹ͢ΔɽԻָՈ΍ݚڀऀʹΑͬͯҟͳΔղੳखॱ΍ղੳख
๏Λɼ؆୯ʹࣗ෼ͷγεςϜͰࢼ͢͜ͱ͕ग़དྷΔΑ͏ʹɼຊݚڀͰ͸ϑϨʔϜϫʔΫΛ
ఏҊ͢Δɽ
1.3 ຊ࿦จͷߏ੒
ຊߘͰ͸,ୈ 2ষʹͯ,ؔ࿈ݚڀɼMusicXMLͷ֓ཁʹ͍ͭͯड़΂Δɽୈ 3ষͰ͸࿨੠ʹ
ؔͯ͠ड़΂ɼਓखʹΑΔ࿨੠෼ੳɼຊݚڀͰར༻͢Δܭࢉ࿦తԻָཧ࿦TonalPitchSpace
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ͷ֓ཁʹ͍ͭͯهड़͢Δɽୈ 4ষͰ͸࿨੠ղੳϑϨʔϜϫʔΫʹ͍ͭͯهड़͠ɼఏҊ͢Δ
ϑϨʔϜϫʔΫͷ֤Ϟδϡʔϧʹ͍ͭͯهड़͢Δɽୈ 5ষͰ͸࿨੠ϑϨʔϜϫʔΫʹ൐
͏ ExtendedMusicXMLͷ࣮૷ͱɼMusicXMLม׵ϞδϡʔϧʹΑΔMusicXMLͷ֦ு
ʹ͍ͭͯड़΂ɼϑϨʔϜϫʔΫ͕ͲͷΑ͏ʹ࣮ݱ͞Ε͍ͯΔ͔ʹ͍ͭͯهड़͢Δɽୈ 6ষ
Ͱ͸ఏҊͨ͠࿨੠ղੳϑϨʔϜϫʔΫͷධՁ࣮ݧʹ͍ͭͯड़΂ΔɽϑϨʔϜϫʔΫΛ࣮
ࡍʹָۂղੳʹԠ༻͢ΔԠ༻࣮ݧɼඃݧऀʹϑϨʔϜϫʔΫΛ࢖༻ͯ͠΋Β͍ɼϨϏϡʔ
Λͯ͠΋Β͏ධՁ࣮ݧɼ࿨੠ղੳͷਫ਼౓ΛධՁ͢Δਫ਼౓࣮ݧͷ 3ͭʹ͍ͭͯड़΂ɼ3ͭͷ
࣮ݧͷߟ࡯ʹ͍ͭͯهड़͢Δɽୈ 7ষͰ͸ຊݚڀͷ੒Ռͱɼࠓޙͷ՝୊ʹ͍ͭͯड़΂Δɽ
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ୈ2ষ ؔ࿈ٕज़
ຊষͰ͸ɼ࿨੠ղੳʹؔ͢ΔطଘݚڀɼMusicXMLͷߏ଄ͱ՝୊ɼܭࢉ࿦తԻָཧ࿦
TonalPitchSpaceɼਓखʹΑΔ࿨੠෼ੳʹ͍ͭͯड़΂Δɽ
2.1 ؔ࿈ݚڀ
࿨੠ղੳʹ͍ͭͯͷݚڀ͸,֬཰࿦తϞσϧΛ༻͍ͨղੳख๏ͱ,΋͏Ұͭ͸ϧʔϧϕʔ
εΛ༻͍ͨख๏ʹେผ͞ΕΔ.
֬཰࿦తϞσϧʹΑΔ࿨੠ղੳख๏
Ұൠతͳ࿨੠ղੳख๏͸֬཰࿦తϞσϧʹΑΔղੳख๏͕ϝδϟʔͰ͋Δɽָۂதͷ
֤ϐονΫϥεͷൃԻ࣌ؒΛස౓ͱͯ͠ϕΫτϧԽ͠, ֶशσʔλͱൺֱΛߦ͓ͬͯΓ,
Hidden Markov Model(HMM)͕࠾༻͞Ε͍ͯΔ৔߹͕΄ͱΜͲͰ͋Δ. HMMͰ͸࿨Ի
۠ؒ௕ͱ࿨Ի໊Λಉ࣌ʹਪఆ͢Δࣄ͕Ͱ͖,࿨੠ղੳʹඞཁͳ࿨Ի۠ؒͱ࿨ԻΛಉ࣌ʹऔ
ಘͰ͖ΔͨΊ༗༻ͳϞσϧͰ͋Δ.
ਢݟΒ [6]͸Ի੠ϑΝΠϧ͔Β 12࣍ݩΫϩϚϕΫτϧΛੜ੒͠ɼHMMΛ༻͍ͨ࿨Ի
ਪఆΛߦͬͨ. Ի੠ϑΝΠϧ͔Βͷίʔυਪఆ͸Ұൠతͳιϑτ΢ΣΞͰ΋ීٴ͓ͯ͠
ΓɼϙοϓεԻָͷίʔυղੳͰྑ͘༻͍ΒΕΔ. ઒্Β [7]͸HMMΛ༻͍ͯ༩͑ΒΕ
ͨԻָટ཯ʹରͯࣗ͠ಈͰ࿨੠Λ෇༩͢ΔγεςϜΛఏҊͨ͠. ಛ௃ͱͯ͠,Իָతͳ஌
ࣝΛۃྗ༻͍ͣʹ਺ཧϞσϧͰղੳ͍ͯ͠ΔͨΊɼ࿨੠ֶͱ͍ͬͨԻָཧ࿦ͱͷ૊Έ߹
Θ͕ͤඞཁ͕ͩɼҰఆௐͷટ཯Ͱ͋Ε͹ 100%ͷೝࣝ཰Λ֫ಘ͢Δࣄ͕ग़དྷͨ. ԣҪΒ [8]
͸MusicXMLΛର৅ͱ͠ɼHMMͱϧʔϧॲཧΛ౷߹ͨ͠࿨੠ղੳγεςϜΛఏҊͨ͠.
HMMΛ༻͍ͨख๏Ͱ͸࿨੠Λঢ়ଶભҠͱ͓͖ɼ࿨੠Λ֬཰తͳࣄ৅ͱͯ͠ଊ͑ɼ࿨Ի
۠ؒͱରԠ͢Δ࿨Ի໊Λೝࣝ͢Δɽ࿨੠ղੳʹඞཁͳ࿨Ի۠ؒ௕ͱ࿨Ի໊Λಉ࣌ʹऔಘ
͢Δ͜ͱ͕Ͱ͖ɼԻָత஌ࣝʹۃྗཔΒͣʹ࿨੠Λ֬཰తʹۙࣅͰ͖Δɽ͔͠͠ɼ࿨Ի
໊ͷީิΛྻڍ͢Δࡍʹ࿨੠ʹ͸ؔ܎ͷͳ͍࿨Ի͕ྻڍ͞Εͯ͠·͏͜ͱ͔ΒɼԣҪΒ
͸ɼHMMͱϧʔϧॲཧΛ౷߹ͨ͠࿨੠ղੳϞσϧΛఏҊͨ͠ɽHMMʹ͓͚Δ୳ࡧϊʔ
υΛɼԻָཧ࿦ʹجͮ͘ϧʔϧॲཧʹΑͬͯࢬמΓ͢Δ͜ͱʹΑΓɼ࿨Իͷจ຺͔ΒՄ
ೳੑͷߴ͍࿨ԻͷߜΓࠐΈΛߦͬͨ.
HMMʹΑΔ࿨੠ղੳҎ֎ͷ֬཰จ຺ࣗ༝จ๏ (PCFG)ʹΑΔݚڀ΋ଘࡏ͢ΔɽPCFG
ʹΑΔೝࣝϞσϧ͸ɼԻූܥྻ͔Βੜ੒نଇΛڭࢣͳ͠Ͱֶश͢Δ͜ͱ͕Ͱ͖Δͱ͍͏ϝ
Ϧοτ͕͋ΔɽSteedman[9]͸δϟζԻָΛର৅ͱ͠ɼPCFGʹΑΔ࿨Իܥྻͷੜ੒Ϟσ
ϧΛఏҊͨ͠ɽॾԬΒ [10]͸PCFGΛԠ༻͠ɼΑΓԻָతͳඇ࿨੠Իͷѻ͍͕Մೳͱͳ
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ΔΑ͏ͳ֬཰จ຺ࣗ༝จ๏ʹجͮ͘Իָੜ੒Ϟσϧ͓Αͼͦͷղੳख๏ΛఏҊ͠ɼ61%ͷ
Ұக཰Λ֫ಘͨ͠ɽ௡ౡΒ [11]͸ָۂͷഎޙʹ͸໦ߏ଄͕͋Δͱ͠ɼ໦ߏ଄΍࿨੠ػೳ
Λߟྀ͠ͳ͕ΒPCFGʹΑΔ࿨Իܥྻͷੜ੒نଇΛڭࢣͳ͠Ͱֶश͢Δख๏ΛఏҊͨ͠ɽ
ଞʹ΋ɼHPSGΛ༻͍ͨख๏ [12]΍NMFΛ༻͍ͨख๏ [13]ͳͲɼ༷ʑͳ֬཰Ϟσϧʹ
ΑΔ࿨੠ղੳख๏͕ఏҊ͞Ε͍ͯΔɽ
ϧʔϧϕʔεϞσϧʹΑΔ࿨੠ղੳख๏
֬཰ϞσϧʹΑΔղੳख๏͸࿨੠ͷ஌ࣝΛඞཁͱͤͣɼֶशσʔλͱͷൺֱͰ݁ՌΛ
ਪଌ͢Δ͜ͱ͔Βɼൺֱత༰қʹߦͳ͏͜ͱ͕ग़དྷΔ͕ɼֶशσʔλΛඞཁͱ͢Δ্ʹֶ
शσʔλͷྑ͠ѱ͠ʹΑͬͯ݁Ռ͕ҟͳͬͯ͘Δͱ͍͏໰୊఺͕͋Δɽֶशσʔλʹࠨ
ӈ͞Εͳ͍࿨੠ղੳΛߦͳ͏ʹ͸ϧʔϧϕʔεϞσϧ͕ߟ͑ΒΕΔɽ࿨੠ֶͷ஌ࣝΛج
ʹϧʔϧΛੜ੒͢Δ͜ͱʹΑΓ,֬཰తͳཁૉΛഉআ͠ৗʹҰఆͷ݁ՌΛग़ྗ͢Δ͜ͱ͕
ग़དྷΔ. ϧʔϧϕʔεʹΑΔ࿨੠ղੳʹ͸ɼLerdahlͷఏএ͢Δܭࢉ࿦తԻָཧ࿦Tonal
Pitch Space(TPS)[14]͕༻͍ΒΕΔ͜ͱ͕ଟ͍ɽTPSͱ͸ɼҰݟݟᐆດʹݟ͑Δ࿨੠ֶ
Λ਺ֶతߏ଄͔ΒఆྔతʹධՁ͢Δཧ࿦Ͱ͋ΔɽϧʔϧϕʔεͰͷॲཧͰ͋ΔͨΊඇৗ
ʹγϯϓϧͰ͋Γɼௐɼ࿨Իɼϐονͷ 3ͭͷൺֱΛڑ཭ͱͯ͠ѻ͏͜ͱ͕Ͱ͖ΔɽTPS
͸࿨੠ֶͷఆྔԽͱ͍͏఺ʹ͓͍ͯ৽نੑ,ಠ૑ੑʹ෋Μͩڵຯਂ͍ݚڀͰ͋Δ͕,ࡉ෦
ʹ͓͍ͯᐆດੑΛؚΜͩදݱ΍ໃ६ͨ͠෦෼͕ଘࡏ͢ΔͨΊ,࣮ࡍʹܭࢉػʹ࣮૷͢Δͷ
͸ࠔ೉Ͱ͕͋ͬͨɼࡔຊΒ [15]͸ TPSͷ੔උ΋ߦ͍,࣮ࡍͷָේ͔ΒͷղੳͰ͸ͳ͍΋
ͷͷ 88.4%ͷೝࣝਫ਼౓Λ֫ಘͨ͠. RocherΒ [16]͸,ه߸ָේΛೖྗͱͨ͠࿨੠ղੳγε
ςϜΛఏҊͨ͠.
༗զΒ [17]͸࿨੠෼ੳΛࣗಈ࡞ۂγεςϜ΁Ԡ༻͢ΔͨΊʹɼه߸ָේΛೖྗͱ͠͠ɼ
ϧʔϧϕʔεʹΑΔ࿨੠ղੳख๏ͱɼؐݩේΛੜ੒͢Δख๏ΛఏҊͨ͠ɽ
͜ͷΑ͏ʹ࿨੠ղੳΛߦ͏ख๏͕ଟ͘ఏҊ͞Ε͍ͯΔ͕ɼೖྗʹ࣮ࡍͷָේΛ࢖༻ͯ͠
͓ΒͣίʔυωʔϜΛهͨ͠ςΩετΛೖྗͱ͍ͯ͠ΔɼసௐΛ্ख͘ೝࣝग़དྷ͍ͯͳ
͍ͳͲͷ໰୊఺͕࢒͍ͬͯΔɽࠓ·ͰͷݚڀͰ͸ϙοϓεΛର৅ʹͨ͠࿨੠ղੳ͕ଟ͘ɼ
ϕʔεϥΠϯ͔Β࿨ԻΛઈରίʔυͱͯ͠ೝࣝΛ͢ΔγεςϜ͕ҰൠతͰ͋ͬͨ. ϙοϓ
ε͸࣮ࡍͷָේΛඞཁͱͤͣɼίʔυωʔϜΛࣔͨ͠΋ͷͰ΋ྑ͍. ·ͨࣗ༝ͳղऍ͕
ڐ͞Ε,࿨੠ਐߦͷϧʔϧ͸ଘࡏ͢Δ͕ݫີͳ΋ͷͰ͸ͳ͍. ͦͷͨΊίʔυਐߦ͕ௐͱ
͍ͬͨԻָཁૉͰ͸ͳ͘Իָతָۂͷงғؾͱ͍ͬͨཁૉʹӨڹΛ༩͑Δ. ͦΕʹରͯ͠
ΫϥγοΫԻָͰ͸,ָේ͸ඞਢͰ͋Γ,ԋ૗ऀ͸ָේͷ࠶ݱ͕ٻΊΒΕΔ. ߋʹ࿨੠ֶͱ
͍͏ݫ֨ͳϧʔϧ͕ଘࡏ͠,ௐΛڧ͘ҙ͍ࣝͯ͠Δ. ͦͷͨΊ,ΫϥγοΫʹ͓͚Δָۂղ
ੳʹ͸,సௐ΋ߟྀͨ͠ओௐ্Ͱͷ࿨Իೝ͕ࣝඞཁͰ͋Δ͕,ͦͷͨΊʹ͸సௐ෦෼ͷೝ
ࣝͳͲ͕՝୊Ͱ͋ͬͨɽਤ 2.1͸υ,ϛ,ιͷ࿨Ի,ίʔυωʔϜͰ͸CmajorͰ͋Δ͕,௖
্ͷ࿨Ի,͍ΘΏΔ૬ରίʔυͰ͸ϋ௕ௐͷ Iͳͷ͔,τ௕ௐͷV౳ͱ͍ͬͨબ୒ࢶ͕ଘ
ࡏ͢Δ. ϙοϓεͰ͸ָේ͕੔උ͞Ε͓ͯΒͣ,ઈରίʔυͰ͋ΔCmajorͱ͍͏ࣄ͕ೝ
ࣝग़དྷΕ͹ྑ͍͕,ΫϥγοΫͰ͸ௐ΍Ի౓·Ͱৄࡉͳղੳ͕ඞཁͱ͢ΔͨΊ,૬ରίʔ
υͷೝࣝ͸ඞਢͰ͋Δ. ૬ରίʔυͷղੳΛߦͳ͏͜ͱ͕ग़དྷΕ͹ɼΫϥγοΫͷ࿨੠ղ
ੳΛߦͳ͏͜ͱ͕Ͱ͖,ָۂͷߏ଄΍ελΠϧ,࡞ۂՈͷಛ௃ΛΑΓৄ͘͠ղੳग़དྷΔ.
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զʑ͸ [18][19][20]TPSͷཧ࿦Ͱ͋ΔϕʔγοΫεϖʔεΛԠ༻͢Δ͜ͱͰɼ࣮ࡍͷָ
ۂͰ͋ΔMusicXML͔ΒͷೖྗΛՄೳʹͨ͠ɽ·ͨɼTPSͷ࿨Իؒڑ཭ܭࢉࣜΛมܗ
͢Δ͜ͱʹΑΓɼ૬ରίʔυΛ༻͍ͨ࿨੠ղੳΛ࣮ݱ͠ɼసௐΛΑΓߟྀͨ͠࿨੠ղੳ
γεςϜΛఏҊͨ͠ɽ͞Βʹɼ࿨੠ղੳͷ݁ՌΛԠ༻Ͱ͖ΔΑ͏ʹ࿨੠ղੳγεςϜΛ
MusicXML΁ղੳ݁ՌΛؐݩ͠ɼ࿨੠ղੳʹඞཁͳߏ੒Իऩू΍࿨Իީิɼָۂ෼ׂͱ
͍ͬͨ৘ใΛऔಘͰ͖Δ࿮૊ΈΛ࿨੠ղੳϑϨʔϜϫʔΫͱͯ͠ఏҊͨ͠ɽ
ਤ 2.1: υɼϛɼιͷ࿨Ի
طଘݚڀͷ໰୊఺
طଘݚڀͰ͸ָయΛ͋·Γߟྀ͍ͯ͠ͳ͍໰୊఺͕͋Δɽָయͱ͸ɼԻָͷجૅతͳ
ཧ࿦Ͱ͋ΓɼָේͷಡΈॻ͖Λ͢ΔͨΊͷ஌ࣝͰ͋Δ [21]ɽਓؒ͸࿨੠෼ੳΛ͢Δࡍָయ
Λద੾ʹѻ্ͬͨͰ࿨੠Λ෇༩͢ΔͨΊɼָయΛߟྀͨ͠࿨੠ղੳ͸ඞਢͰ͋Δɽ·ͨɼ
࿨੠ղੳ͸Ԡ༻ݚڀͷͨΊͷٕज़Ͱ͋ΔͨΊɼͨͩ࿨੠ͷ݁ՌΛग़ྗ͢Δ͚ͩͰ͸Ԡ༻
ݚڀʹ׆͔͢͜ͱ͸ࠔ೉Ͱ͋Γɼߏ੒Ի΍ഥઅɼௐͷ৘ใͳͲಘΒΕͨ࿨੠Ҏ֎ͷղੳ
ͷաఔ΋ߟྀ͢Δඞཁ͕͋Δɽ
·ͨɼ࿨੠͸ඞͣ͠΋ਖ਼ղ͕Ұͭͱ͸ݶΒͳ͍ͨΊɼ࿨੠ղੳʹ͸ΞϧΰϦζϜ΍ߟ
ྀ͢Δָయʹ͸෯Λ࣋ͨͤΔඞཁ͕͋Δɽීஈզʑ͸ָۂͷԋ૗΍࿨੠෼ੳΛߦͳ͏ࡍɼ
సௐ෦෼΍ԋ૗ه߸ͳͲʹ༏ઌॱҐΛ͚ͭΔɽྫ͑͹ഥࢠͷؔ܎Λߟྀ͍ͨ͠ਓ΋͍Ε
͹ɼసௐΛߟྀ͍ͨ͠ਓ΋͍ΔͳͲɼ࠾༻͢Δָయ΍Իָه߸͸ҟͳΔɽ࿨੠Λ෇༩͢
Δࡍ΋ॱํ޲ɼٯํ޲ɼ͋Δ͍͸܁Γฦ͠ͳ͕Βߦ͏ͳͲɼ෼ੳํ๏ʹ͓͍ͯ΋ࣗ෼ͩ
͚ͷΦϦδφϧͳΞϧΰϦζϜ͕ଘࡏ͢Δɽ࿨੠ղੳΛ࢝Ίͱ͢Δָۂղੳʹ͓͍ͯ΋
ಉ༷ͰɼఏҊ͢ΔΞϧΰϦζϜ͸ਓʹΑͬͯҟͳΓɼଟ༷ੑ͕ଘࡏ͢ΔɽͦͷͨΊ༷ʑͳ
ΞϧΰϦζϜɼָయͷ૊Έ߹ΘͤʹΑΔ࿨੠ղੳΛ࣮ݱ͢Δඞཁ͕͋Δɽ
͞Βʹɼզʑ͕ఏҊͨ͠ϑϨʔϜϫʔΫ͸ԋ૗ࢧԉ΍ΞφϦʔθɼָۂղੳ΁ͷԠ༻
Λ࣮ݱ͢ΔͨΊʹ࿨੠ղੳͷϓϩηεΛऔಘ͢Δ͜ͱ͕Ͱ͖Δ͕ɼҰํ௨ߦతͳऔಘ͠
͔Ͱ͖ͳ͍໰୊఺͕͋ΔɽΞφϦʔθ͸ϢʔβʔʹΑͬͯ෼ੳ͢Δํ޲΍खॱ͕ҟͳΔ
͕ɼطଘݚڀͰ͸ղੳͷखॱ΍ํ޲Λม͑Δ͜ͱ͸Ͱ͖ͳ͍ɽ·ͨɼղੳख๏͸ఆٛ͞
ΕͨΞϧΰϦζϜͷΈར༻͢Δ͜ͱ͕Ͱ͖ɼ։ൃऀࣗ਎͕ఆٛͨ͠ΞϧΰϦζϜΛղੳ
ͷ్தͰར༻͢Δ͜ͱ͸Ͱ͖ͣɼ్தͰղੳख๏Λมߋ͢Δ͜ͱ͸Ͱ͖ͳ͍ɽͦͷͨΊɼ
ϑϨʔϜϫʔΫͱָͯ͠ۂղੳʹར༻͢ΔͨΊʹ͸൚༻ੑʹ͚ܽΔɽԠ༻ݚڀ΍ԋ૗ࢧ
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ԉʹϑϨʔϜϫʔΫΛ׆͔ͨ͢Ίʹ͸ɼϢʔβʔ͕೚ҙʹղੳํ๏΍εςοϓΛઃఆͰ
͖Δ࿮૊Έ͕ඞཁͱͳΔɽ
2.2 MusicXML
MusicXML[22]͸ɼXMLܗࣜͰָේΛهड़͢ΔͨΊͷΦʔϓϯϑΥʔϚοτͰ͋Γɼ
MusicXMLΛ༻͍ͨݚڀ͸਺ଟ͘ଘࡏ͢Δ [23][24][25]ɽԻָ৘ใॲཧͰ͸ओʹԻ੠σʔ
λΛѻͬͨݚڀ͕Ұൠత͕ͩɼԻ੠σʔλΛѻ͏৔߹͸,Իͷߴ͞΍௕͞Λಛఆ͢Δࣄ͸
ग़དྷͯ΋Իූͷछྨ΍Իָه߸ΛऔΓग़͢ࣄ͸೉͍͠. Ի੠Λ೾ܗͰදͨ͠ wavϑΝΠ
ϧ, MP3ϑΝΠϧͱ͍ͬͨԻ੠৴߸ϑΝΠϧͱ͸ҟͳΓ, MusicXML΍ Standart MIDI
ͱ͍ͬͨه߸ָේָේσʔλ͸Իූͷ৘ใΛه߸Խͨ͠ϑΥʔϚοτͰ͋Δ. Standard
MIDI͸όΠφϦσʔλΛ༻͍͍ͯΔͨΊ,௚ײతʹཧղ͢Δࣄ͕೉͍͠. MusicXML͸,
ָේΛܭࢉػͰهड़͢ΔͨΊͷϑΝΠϧϑΥʔϚοτͰ͋Γ,ָේ্ͰඞཁͳཁૉΛશͯ
هड़͍ͯ͠Δ. ͦͷͨΊ,࣮ࡍͷָේΛͦͷ··࢖͏ࣄ͕ग़དྷΔ. όΠφϦσʔλͱൺ΂
Δͱσʔλྔ͕େ͖͘ͳΔ໰୊͕͋Δ͕,λάΛ༻͍ͨهड़ํࣜΛ࠾༻͢ΔࣄͰ,༷ʑͳ
ه߸͕ग़ݱ͢Δָේʹ͓͍ͯ,ҙຯ͕෼͔Γ΍͍͢λά໊Λ༻͍͍ͯΔ. λά͸ೖΕࢠߏ
଄Ͱ͋Γ,খઅ୯Ґ,ύʔτ୯ҐͰ৘ใΛऔΓग़͢ࣄ΋ՄೳͰ͋Δ. ͦͷͨΊσʔλͷҙຯ
΍σʔλߏ଄͕௚ײతͰ෼͔Γ΍͍͢.
͜ΕΒͷར఺ʹΑΓ, XMLܗࣜΛར༻ͨ͠ϑΥʔϚοτͰ͋ΔMusicXML͸ݚڀ໨త
Ͱར༻͢Δʹ౰ͨͬͯ,ޮ཰తͰॊೈͳϑΥʔϚοτͰ͋Δ. ·ͨɼΦʔϓϯϑΥʔϚο
τͰ͋Γ,ָේ৘ใΛશͯهड़͢Δ͜ͱ͕ग़དྷΔͨΊ,Իָ৘ใʹ͓͍ͯඇৗʹ൚༻ੑ͕
ߴ͍.
MusicXML͸֊૚తͳهड़͕ͳ͞Ε͓ͯΓɼ·ָͣේͷهड़ܗࣜΛද͢ score-partwise
͕͋ΓɼͦͷதʹύʔτΛද͢ partλά͕༻ҙ͞Ε͍ͯΔɽύʔτ಺ʹ͸খઅΛද͢
measureλά͕͋ΓɼͦͷதʹԻූͳͲͷཁૉ͕͋Δɼͱ͍ͬͨॱʹ֊૚Խ͞Ε͍ͯΔ
ʢਤ 2.2ʣɽ
2.2.1 MusicXMLͷߏ଄
ઌड़ͨ͠௨ΓMusicXML͸֊૚తͳهड़͕͞Ε͍ͯΔ. ·ͨ, 2ͭͷهड़ํ๏͕ఆٛ͞
Ε͓ͯΓ, partwiseͱ timewise͕ଘࡏ͢Δ.
partwiseͰ͸,τοϓϨϕϧλάͱͯ͠ score-partwise͕͋Γ, score-partwiseλάͷத
ʹ part-list, ͦͷޙʹ part͕ଓ͍͓ͯΓ, partλά͕ 1ͭͷָثͷύʔτΛ͍ࣔͯ͠Δ.
ͦͷޙʹখઅΛද͢measureλάͱ͍ͬͨॱʹ֊૚Խ͞Ε͍ͯΔ. ιʔείʔυ 2.1ʹ
partwiseͷఆٛΛهड़͢ΔɽmeasureҎ߱ʹௐ߸΍ഥࢠΛද͢ attribute΍,Իූ΍ٳූΛ
ද͢ note͕هड़͞ΕΔ. ͜ΕʹΑΓ, partຖʹখઅΛ༻ҙ͠, Իָه߸Λهड़͢Δࣄ͕ग़
དྷΔ.
timewiseͰ͸,τοϓϨϕϧλάʹখઅཁૉ͕͋Γ, ͦͷதʹύʔτཁૉ͕هड़͞Εͯ
͍Δ. ύʔτຖʹখઅΛهड़͍ͯͨ͠ partwiseͱൺֱͯ͠ɼtimewiseͰ͸খઅ಺ʹύʔ
τΛهड़͢Δɽιʔείʔυ 2.2ʹ timewiseͷఆٛΛهड़͢ΔɽtimewiseΛಡΈॻ͖Ͱ
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ਤ 2.2: MusicXMLͷߏ଄
͖Διϑτ΢ΣΞ͸΄ͱΜͲଘࡏͤͣɼجຊతʹ͸ partwiseํࣜΛར༻͢Δͷ͕Ұൠత
Ͱ͋Γ,Α͘ར༻͞Ε͍ͯΔ. ຊݚڀͰ΋ partwiseํࣜΛར༻͢Δ.
ָේͷߏ੒ͱͯ͠,·ͣ score-part͕͋Γ,partͷ idͰ͋Δ P1͕ࢦఆ͞Ε,ͦΕҎ߱͸
P1ύʔτͷָේ͕هड़͞ΕΔ. P1ύʔτ಺ʹ͸খઅ͕ଘࡏ͠,খઅ಺ͷཁૉͱͯ͠ഥࢠ
ͳͲΛࢦఆ͢Δ attributesλά,ԻූΛهड़͢Δ noteλά͕هड़͞ΕΔ. attributesλά
಺Ͱ͸,ج४ͷ௕͞Ͱ͋Δ division, ओௐΛද͢ key, ഥࢠΛද͢ time, Ի෦ه߸Λද͢ clef
ͱ͍ͬͨλά͕ฒͿ.
• attributesϒϩοΫ
• divisions: Իූͷ௕͞Λࢦఆ͢Δ.ේ໘ͷதͰ࢖͏Իූͷ࠷୹௕Λ, 4෼ԻූΛ
ج४ʹͯ͠ࢦఆ͢Δ. 1Λࢦఆͨ͠৔߹͸, ේ໘Ͱ࢖͑Δ࠷୹௕ͷԻූ͸ 4෼
Իූ, 2Ͱ͸ 8෼Իූͱ͍͏͜ͱʹͳΔ.
• key: ௐΛࢦఆ͢Δ. γϟʔϓͱϑϥοτͷ਺Λ੔਺஋Ͱࢦఆ͢Δ͕,γϟʔϓ
ͳΒ͹ਖ਼ͷ஋,ϑϥοτͳΒ͹ෛͷ஋Λࢦఆ͢Δ.ϋ௕ௐͰ͋Ε͹ௐ߸͸ແ͍ͷ
Ͱ 0ʹͳΔ.
• time: ഥࢠΛࢦఆ͢Δ.෼ࢠ͸ beatsλά, ෼฼͸ beat-timeλάͰࢦఆ͢Δ.
• clef: ϔԻه߸,τԻه߸Λࢦఆ͢Δ. number͸ટ཯൪߸Λද͠,τԻه߸Ͱ͋
Ε͹ signλάʹG, lineλάʹ 2, ϔԻه߸Ͱ͋Ε͹ͦΕͧΕ F, 4ͱ͍ͬͨࢦ
ఆΛ͢Δ.
noteλά಺Ͱ͸,ԻූΛද͢ pitch, Իූͷ௕͞Λද͢ duration, ԻූͷछྨΛද͢ type
͕ฒͿɽਤ 2.3͸MusicXMLͷهड़ྫͰ͋Δ.ϋ௕ௐ, 4෼ͷ 4ഥࢠͰυͷશԻූΛࣔ͠
͓ͯΓ, ָේ࡞੒ιϑτ΢ΣΞͰ͋Δ finale΍ sibeliusΛ༻͍ͯදࣔ͢Δͱਤ 2.4ͷ༷ͳ
ग़ྗ͕͞ΕΔ
• noteϒϩοΫ
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• pitch: ԻූͷԻߴΛࢦఆ͢Δ.step͸Ի໊, octave͸ΦΫλʔϒΛࢦఆ͢Δ.
• duration: ේ໘্Ͱͷ௕͞Λࢦఆ͢Δ. divisionsͰࢦఆͨ͠௕͞ͷԿഒ͔,ͱ
͍͏ܗͰࢦఆ͢Δ.ྫͰ͸ division͕ 1Ͱ duration͕ 4ͳͷͰશԻූͱͳΔ.
division͕ 2ͷ৔߹, duration͕ 1ͳΒ͹ 8෼Իූ, 2ͳΒ͹ 4෼Իූ, 8ͳΒ͹
શԻූͱͳΔ.
• type: ԻූͷछྨΛࢦఆ͢Δ. શԻූͰ͋Ε͹whole, 2෼Իූ͸ half, 4෼Իූ
͸ quarter, 8෼Իූ͸ eighthͱ͍ͬͨӳޠදهͰهड़͢Δ.
• rest:ٳූΛද͢.
ιʔείʔυ 2.1: partwiseͷఆٛ
1 <xs:element name="score -partwise" block="extension␣substitution" final="#all">
2 <xs:annotation >
3 <xs:documentation >The score -partwise element is the root element for a partwise
4 MusicXML score. It includes a score -header group followed by a series of parts with
5 measures inside. The document -attributes attribute group includes the version
6 attribute.</xs:documentation >
7 </xs:annotation >
8 <xs:complexType >
9 <xs:sequence >
10 <xs:group ref="score -header" />
11 <xs:element name="part" maxOccurs="unbounded">
12 <xsd:annotation >
13 <xsd:documentation >
14 </xsd:documentation >
15 </xsd:annotation >
16 <xs:complexType >
17 <xs:sequence >
18 <xs:element name="measure" maxOccurs="unbounded">
19 <xsd:annotation >
20 <xsd:documentation >Measures have a required number attribute
21 (going from partwise to timewise , measures
22 are grouped via the number ).</xsd:documentation >
23 </xsd:annotation >
24 <xs:complexType >
25 <xs:group ref="music -data" />
26 <xs:attributeGroup ref="measure -attributes" />
27 </xs:complexType >
28 </xs:element >
29 </xs:sequence >
30 <xs:attributeGroup ref="part -attributes" />
31 </xs:complexType >
32 </xs:element >
33 </xs:sequence >
34 <xs:attributeGroup ref="document -attributes" />
35 </xs:complexType >
36 </xs:element >
ιʔείʔυ 2.2: timewiseͷఆٛ
1 <xs:element name="score -timewise" block="extension␣substitution" final="#all">
2 <xs:annotation >
3 <xs:documentation >The score -timewise element is the root element for a timewise
4 MusicXML score. It includes a score -header group followed by a series of measures
5 with parts inside. The document -attributes attribute group includes the version
6 attribute.</xs:documentation >
7 </xs:annotation >
8 <xs:complexType >
9 <xs:sequence >
10 <xs:group ref="score -header" />
11 <xs:element name="measure" maxOccurs="unbounded">
12 <xsd:annotation >
13 <xsd:documentation >Measures have a required number attribute
14 (going from partwise to timewise , measures
15 are grouped via the number ).</xsd:documentation >
16 </xsd:annotation >
17 <xs:complexType >
18 <xs:sequence >
19 <xs:element name="part" maxOccurs="unbounded">
20 <xsd:annotation >
21 <xsd:documentation >
22 </xsd:documentation >
23 </xsd:annotation >
24 <xs:complexType >
25 <xs:group ref="music -data" />
26 <xs:attributeGroup ref="part -attributes" />
27 </xs:complexType >
28 </xs:element >
29 </xs:sequence >
30 <xs:attributeGroup ref="measure -attributes" />
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31 </xs:complexType >
32 </xs:element >
33 </xs:sequence >
34 <xs:attributeGroup ref="document -attributes" />
35 </xs:complexType >
36 </xs:element >
ਤ 2.3: MusicXMLͷهड़ྫ
2.2.2 ָۂղੳ΁ͷԠ༻ํ๏
MusicXML͸ָේΛهड़͢ΔͨΊͷϑΥʔϚοτͰ͋Γɼ௚ײతʹཧղͰ͖Δ޻෉͕
͞Ε͍ͯΔɽ͔͠͠ͳ͕Βɼָۂղੳ΁ͷԠ༻ʹ͸࠷దԽ͞Ε͍ͯͳ͍ɽ֊૚తͳهड़
ʹ͸ͳ͍ͬͯΔ͕ɼMusicXMLʹ͸࠲ඪͷ֓೦͕ଘࡏ͠ɼԻָه߸Λهड़͢Δࡍʹ͸ָ
ේͷͲ͜ʹهड़͢Δ͔Λࢦఆ͢ΔɽͦͷͨΊɼখઅ൪߸͸هड़͞Ε͍ͯΔ΋ͷͷԻූ΍
ٳූͷ৘ใΛॻ͖࿈Ͷ͍ͯΔͷΈͰ͋Δɽ·ͨɼӈख΍ࠨखͷ۠ผ͕͞Ε͓ͯΒͣɼ1খ
અͰݱΕ͍ͯΔԻූΛॱ൪ʹऔಘ͚ͨͩ͠Ͱ͸ָۂͷ࠶ݱ͸Ͱ͖ͳ͍ɽ
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ਤ 2.4: XMLྫΛग़ྗιϑτͰදࣔͤͨ͞ਤ
MusicXMLͷָۂσʔλΛܭࢉػͰѻ͏৔߹ɼ·ͣ XMLͷλά΍ଐੑʹର͢Δॲཧ
Λߦ͍੔ཧ͢Δඞཁ͕͋Δɽӈख΍ࠨखΛҰͭͷύʔτʹهड़͢Δࡍ backup΍ forward
ͱ͍ͬͨཁૉΛ༻͍͍ͯΔɽbackupͰ͸ɼdurationͱ͍͏ཁૉ͕ೖΕࢠʹͳ͓ͬͯΓɼ
durationͰࢦఆͨ͠௕͞෼͚ͩࠨํ΁Ҡಈ͢Δɽ͜ͷ backupͱ forwardΛ༻͍ͯɼখઅ
಺ʹԻූΛϓϩοτ͍ͯ͘͠ɽ
MusicXMLͷখઅΛද͢ཁૉmeasureͷهड़ྫΛਤ 2.5ʹࣔ͢ɽਤ͸͋Δ̍খઅͰɼӈ
खͷυͷશԻූΛهड़ͨ͠ޙʹ 1খઅ෼໭ͬͯࠨखͷυͷશԻූΛهड़ͨ͠ྫͱͳΔʢਤ
2.6ʣɽ
ਤ 2.5: MusicXMLͷMeasureͷهड़ྫ
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ਤ 2.6: ਤ 2.5Λදࣔͨ͠ྫ
2.2.3 MusicXMLͷ՝୊
ָۂղੳʹ͓͍ͯ͸ഥઅຖͷߏ੒Իऩू͸ඞਢͰ͋Δ͕ɼMusicXML͸୯ʹָේΛه
ड़͠΍͍͢Α͏ʹɼԻූ΍Իָه߸Λฒ΂͚ͨͩͷߏ଄ͱͳ͍ͬͯΔɽͦͷͨΊɼԻָ
ه߸Λͦͷ··༻ָ͍ͯۂղੳΛߦ͏͜ͱ͸Ͱ͖ͣɼԻූ΍Իָه߸Λద੾ʹॲཧ͢Δ
ඞཁ͕͋Δɽྫ͑͹ɼָۂղੳʹ͸MusicXML͔Βഥઅຖͷߏ੒ԻΛऔΓग़͢ڞ௨ͷ࡞
ۀ͕ඞཁ͕ͩɼߏ੒ԻऩूΛߦͳ͏ʹ͋ͨͬͯɼߏ੒ԻΛղੳ୯Ґຖʹ෼ׂ͢Δ࡞ۀ͕
ඞཁͱͳΔɽղੳ୯Ґຖʹߏ੒ԻΛ෼ׂ͢ΔͨΊʹ͸ɼྫ͑͹શԻූ΍ 2෼ԻූͳͲෳ
਺ͷղੳ୯Ґʹग़ݱ͢ΔԻූΛద੾ʹॲཧ͢ΔɽطଘͰ͸RocherΒ͕ϗϞϦζϜม׵ʹ
ΑͬͯԻූΛ࠷খ୯ҐΛ෼ׂ͢Δ͜ͱʹΑΓɼෳ਺ͷղੳ୯Ґʹ΋ରԠ͕ͨ͠ɼ࣮ࡍʹ͸
ԻූΛ૿΍͍ͯ͠Δૢ࡞Ͱ͋Γɼָۂͷߏ଄Λ্่ͨ͠ͰͷղੳͱͳΔ໰୊͕͋Δʢਤ
2.2.3ʣɽ
ຊདྷͰ͋Ε͹ɼΦϦδφϧͷָۂΛอ্ͬͨͰͷղੳΛߦ͏ඞཁ͕͋Δɽ·ͨ࿨੠ղ
ੳͱָ͍ͬͨۂͷߏ଄Λղੳ͢Δݚڀ͸কདྷతʹܭࢉػ͕ԻָΛѻ͏ͨΊͷݚڀʹԠ༻
͢ΔͨΊͷݚڀͰ͋Δ͜ͱ͔Βɼղੳͯ͠ಘΒΕͨߏ଄ΛผͷϑΥʔϚοτͰهड़ͨ͠
৔߹ɼָේͱͷରԠ෇͚΍ɼָේͱ෼཭্ͨ͠Ͱѻ͏ඞཁ͕͋Δɽ࿨੠୯ମͰ͸ͳ͘ߏ
੒Ի΍Իָه߸ͱߏ଄ͷؔ࿈෇͚͕ඞཁͱͳΔɽ
ਤ 2.7: ղੳ۠ؒຖʹߏ੒ԻΛ෼ׂ͢ΔϗϞϦζϜม׵
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ୈ3ষ ࿨੠ղੳख๏
ຊষͰ͸ɼਓखʹΑΔ࿨੠෼ੳख๏ͱɼͦΕΛۙࣅ͢Δ࿨੠ղੳٕज़ʹ͍ͭͯهड़͢Δɽ
3.1 ਓखʹΑΔ࿨੠෼ੳ
ຊઅͰ͸ɼਓ͕ؒ࿨੠Λ෇༩͢Δ࿨੠෼ੳʹ͍ͭͯड़΂Δɽ࿨੠෼ੳͷ໨త͸ɼΑΓ
ྑ͍ԋ૗ͷͨΊͰ͋ΔɽಛʹɼτχοΫɼυϛφϯτɼαϒυϛφϯτΛݟ͚ͭग़͠ɼۓ
ுɼஎ؇Λҙࣝͨ͠ԋ૗Λߦͳ͏ͨΊͰ͋Δɽ·ͨɼ࿨੠͚ͩͰͳ͘ɼ࿨੠෼ੳͷաఔ
΋ָේʹ௚઀ॻ͖ࠐΉ͜ͱʹΑͬͯԋ૗ͷΫΦϦςΟΛ޲্ͤ͞ΔɽҎԼʹ࿨੠෼ੳख
๏ʹ͍ͭͯड़΂Δɽ࿨੠෼ੳͷखॱΛઆ໌ͨ͠΋ͷͰ͸ͳ͘ɼ෼ੳख๏Λ෼ׂͨ͠هड़
Ͱ͋ΓɼԻָՈ͸͜ΕΒΛಠࣗͷखॱͰ࿨੠෼ੳΛߦͳ͏ɽ
3.1.1 ௐͷܾఆ
ָۂʹ͸ௐ͕ଘࡏ͠ɼௐຖʹͦΕͧΕҙຯΛ࣋ͭɽେ͖͘෼͚ͯ௕ௐͱ୹ௐ͕͋Γɼײ
֮తʹ͸௕ௐ͕໌Δ͘ɼ୹ௐ͕҉ָ͍ۂʹͳΔɽௐʹΑͬͯදݱํ๏͕େ͖͘มΘΔͨ
Ίɼԋ૗ʹ͓͍ͯ΋ॏཁͳཁૉ͕ͩɼௐΛܾఆ͢Δ͜ͱʹΑͬͯɼͦͷָۂͷεέʔϧ͕
ܾ·ΔͨΊɼ࿨੠෼ੳʹ͓͍ͯ΋ॏཁͰ͋Δɽجຊతʹ͸ௐ߸ͷ਺ͱʢਤ 3.1.1ʣɼߏ੒
Ի͔Β൑ผ͢Δɽϋ௕ௐͱΠ୹ௐ͸ಉ͡ௐ߸Ͱɼߏ੒Ի͸ಉ͡Ͱ͋Δ͕ɼԻ֊͔Β൑ผ
͢Δɽ௕ௐʹ͸ߏ੒Ի͕มΘΔ͜ͱͷͳ͍ɼશԻ֊ͷ௕Ի֊Ͱ͋Δࣗવత௕Ի֊͕࢖Θ
Εʢਤ 3.1.1ʣɼ୹ௐʹ͸ୈ 7Ի͕൒Ի্͕Δ࿨੠త୹Ի֊͕༻͍ΒΕΔ͜ͱ͕ଟ͘ʢਤ
3.1.1ʣɼͦΕΒͷҧ͍͔ΒௐΛ൑ผ͢Δɽ
ਤ 3.1: ϋ௕ௐͷεέʔϧ
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ਤ 3.2: Π୹ௐͷεέʔϧ
ਤ 3.3: ௐ߸ͱௐͷछྨ
3.1.2 ࿨Ի
࿨Իͱ͸ɼෳ਺ͷԻ͕ಉ࣌తʹڹ͘ԻͷմͰ͋Γɼௐʹج͍ͯߏ੒͞ΕΔɽओʹ 3౓ͣ
ͭͷԻఔͰߏ੒͞Εɼྫ͑͹υɼϨɼϛͷ༷ʹྡ઀͢Δ 2౓ͷԻఔͰߏ੒͞ΕΔ͜ͱ͸গ
ͳ͍ɽ3ͭҎ্ͷԻ͕ಉ࣌ʹڹ͘մΛ࿨Իͱݺͼɼ3ͭͷԻ͔Βܗ੒͞ΕΔ࿨ԻΛ׬શ 3
࿨ԻͱΑͼɼ4ͭɼ5ͭͷԻ͔Βܗ੒͞ΕΔ࿨ԻΛɼͦΕͧΕ׬શ 4࿨Իɼ׬શ 5࿨Իͱ
ݺͿɽ͜ͷ࿨Ի͕࿨੠ʹ͓͚Δ࠷খ୯ҐͰ͋Γɼ͜ͷ࿨ԻΛ࿈࠯ͤ͞Δ͜ͱʹΑͬͯ࿨
੠ͷਐߦ͕ܾ·Δɽ
3.1.3 ࿨Իܾ۠ؒఆ
࿨Ի͸ৗʹಉ࣌ʹൃԻ͞Ε͍ͯΔ༁Ͱ͸ͳ͘ɼ෼ׂ͞ΕͯൃԻ͞ΕΔ৔߹΋ଘࡏ͢Δɽ
ͦͷ৔߹͸͋Δఔ౓ͷൣғΛ·ͱΊͯ࿨Իͱ͢Δɽָۂʹ͸ഥઅߏ଄͕͋Γɼ࿨Ի͸ഥ
અຖɼ·ͨ͸ෳ਺ͷഥઅΛ·ͱΊͯղऍͷ୯Ґͱ͢Δɽෳ਺ͷഥઅ͕ղऍͷ୯ҐͱͳΔ
৔߹͸ෳ਺ͷഥઅΛ·͙ͨ̎෼Իූ΍શԻූɼ̐࿈ූͳͲ͕ग़ݱͨ࣌͠Ͱ͋Γɼͦͷࡍ
͸ͦͷԻූͷൃԻ۠ؒΛ̍ͭͷղऍͷ୯Ґͱ͢Δɽ
3.1.4 ߏ੒Ի͔Β࿨Իީิྻڍ
ഥઅຖͷߏ੒Ի͔Βߟ͑ΒΕΔ࿨ԻͷީิΛྻڍ͢Δɽ࿨Ի۠ؒຖʹ࿨Ի͕ఆΊΒΕ
͓ͯΓɼ࿨Իͷਪఆ͸ߏ੒Ի͔Βߟ͑Δɽ͜ͷ࣌఺Ͱ࿨੠Λஅఆ͢ΔͷͰ͸ͳ͘ɼߏ੒
Ի͔Βɼߟ͑Δௐ্ͷεέʔϧΛྻڍ͍ͯ͘͠ɽ
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3.1.5 ඇ࿨੠Իͷ෼ྨ
ඇ࿨੠Իͱ͸ɼϝϩσΟϥΠϯΛ૷০͢ΔԻͷ͜ͱͰɼ࿨੠Իͱ͸ҟͳΔԻΛඇ࿨੠
Իͱ͍͏ɽඇ࿨੠ԻΛ࢖༻͢Δ͜ͱʹΑͬͯ࿨੠తʹ͸Ұ࣌తͳෆڠ࿨ԻͱͳΔ͕ɼટ
཯తʹ͸׈Β͔Ͱ͋ΔͨΊෆշײ͸গͳ͘ɼ·ͨෆڠ࿨ԻͰ͋Δ͔Βղܾ͕ඞཁͰ͋Γɼ
࿨੠Ի΁ͷਐߦʹΑͬͯղܾΛߦͳ͏ɽ͜ΕʹΑΓɼඇ࿨੠Ի͸ָۂʹ՚΍͔͞Λ΋ͨΒ
͢΋ͷͰ͋Γɼجຊతʹશͯͷָۂʹඇ࿨੠Ի͸ग़ݱ͢Δɽ
࿨੠෼ੳΛߦͳ͏ࡍɼඇ࿨੠Ի͸࿨੠ʹؔ܎ͷແ͍ԻͰ͋ΔͨΊɼߟྀͤͣʹ࿨੠Λ
ਪఆ͢Δඞཁ͕͋Δɽඇ࿨੠ԻΛ෼཭ͤ͞Δ͜ͱ͕ग़དྷΕ͹ɼ࿨੠Λஅఆ͢Δ͜ͱ͸༰
қ͕ͩɼඇ࿨੠Ի͸ෳ਺छྨଘࡏ͠ɼͦΕͧΕݻ༗ͷಛ௃͕͋ΔͨΊɼඇ࿨੠ԻΛ෼ྨ
͢Δͷ͸೉͘͠ɼ஌͕ࣝඞཁʹͳΔɽҎԼʹओͳඇ࿨੠Իʹ͍ͭͯهड़͢Δɽ
ࢗवԻ
લޙ͕ಉ͡࿨੠ԻͰ͋ΓɼҰॠ্͚ͩԼͷྡ઀͢Δඇ࿨੠Իʹਐߦ͠ɼಉ͡࿨੠Ի
ʹ໭Δ࣌ɼ͜ͷඇ࿨੠ԻΛࢗवԻͱݺͿɽϝϩσΟϥΠϯʹগ͚ͩ͠ಈ͖ΛՃ͑Δ
ࡍʹ࢖ΘΕΔɽ
ܦաԻ
͋Δ࿨Ի͔Βɼผͷ࿨Ի΁ਐߦ͢Δࡍɼؒʹ͸͍Δඇ࿨੠ԻΛܦաԻͱݺͿɽલޙ
͕ҧ͏࿨੠ԻͰ͋Γɼ࿨੠Ի͔Β࿨੠ԻʹҠΔࡍεϜʔζʹਐߦͤ͞ΔͨΊʹ࢖Θ
ΕΔɽ
ֻཹԻ
͋Δ࿨Ի͔Βɼผͷ࿨Ի΁ਐߦ͢ΔࡍɼભҠݩͷ࿨Իߏ੒Ի͕Ҿ͖Ԇ͹͞ΕɼભҠ
ઌͷ࿨ԻͰ΋ڹ࣌͘ɼҾ͖৳͹͞Εͨ࿨Իߏ੒ԻΛֻཹԻͱݺͿɽҰ࣌తʹෆڠ࿨
ԻΛ૗Ͱɼڠ࿨Իʹղܾ͢Δࡍʹ࢖ΘΕΔɽ
ઌऔԻ
ֻཹԻͱ͸ٯͰɼભҠઌͷ࿨Իߏ੒Ի͕ભҠݩͷ࿨ԻͰ΋ڹ͍͍ͯΔ࣌ɼભҠઌͷ
࿨Իߏ੒ԻΛઌऔԻͱݺͿɽ͜Ε΋ෆڠ࿨ԻΛ෇ͨ͘Ίʹ࢖ΘΕΔɽ
͜ΕΒͷಛ௃͔Βඇ࿨੠ԻΛ൑அ͠ɼ࿨੠ͱ෼཭ͤ͞Δඞཁ͕͋Δɽ
3.1.6 Χσϯπʹج͍ͮͨਐߦܾఆ
࣍ʹɼྻڍͨ͠࿨Իީิͷத͔Β࠷దͳ࿨੠ΛٻΊΔɽ࿨੠ֶʹ͸ਐߦͷج൫ͱͯ͠
Χσϯπ͕ఆΊΒΕ͍ͯΔɽද 3.1͸୅දతͳΧσϯπͷਐߦΛ͓ࣔͯ͠Γɼָۂ͸͜Ε
ΒͷਐߦͷύλʔϯΛ܁Γฦ͠ͳ͕Βల։͞ΕΔɽΧσϯπͱ͸ΫϥγοΫԻָʹ͓͍
ָͯষͷऴ݁Λҙຯ͢ΔਐߦͰ͋Γɼमྱͷ࿨੠Ͱ͸ΧσϯπͷنଇͷҰͭͰ͋Δ Iˠ
Vˠ Iͷऴࢭܗʹै͍ͬͯΔ͜ͱ͔Βௌ͖΍͍͢ϝϩσΟͩͱ൑அ͢Δ͜ͱ͕Ͱ͖Δ. ද
3.2͸ېଇͷਐߦΛ͓ࣔͯ͠Γɼ͜ΕΒͷਐߦ͸جຊతʹ͸ېࢭ͞ΕΔɽ͜ΕΒͷਐߦΛ
ࢀߟʹ͠ͳ͕ΒτχοΫɼυϛφϯτɼαϒυϛφϯτͷ൑அΛߦͳ͏ɽྫ֎͸͋Δ͕ɼ
جຊܗͱͯ͠τχοΫ͸ I,υϛφϯτ͸V,αϒυϛφϯτ͸ IV΍ II͕༻͍ΒΕΔ͜ͱ
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͕ଟ͍ͨΊɼ͜ΕΒͷ࿨ԻͷՄೳੑΛߟ͑Δɽͭ·Γɼ࿨੠ͷલޙؔ܎Λߟྀ͢Δɽྫ
͑͹ɼ͋Δָۂʹରͯ͠ IɼVͱ൑அͨ͠৔߹͸ɼΧσϯπͷਐߦ͔Β࣍ͷ࿨Ի͸ I͕དྷ
ΔͩΖ͏ɼͱ͍͏Α͏ʹೝࣝ͢΂͖ഥઅͷલͷ࿨Ի΋ߟྀ͠ͳ͕Β࿨੠෼ੳ͕ߦΘΕΔɽ
͜ΕΒͷεςοϓΛॱํ޲ɼٯํ޲ɼ·ͨ͸܁Γฦ͠ߟ͑Δ͜ͱͰ࿨੠͕෇༩͞ΕΔɽ
ද 3.1: Χσϯπͷ୅දྫ
࿨੠ਐߦ ίʔυωʔϜͷྫ
I → V → I C → G→ C
I → IV → V → I C → F → G→ C
I → V → IV → I C → G→ F → C
I → IV → I C → F → C
I → II → V → I C → Dm→ G→ C
I → IV → II → V → I C → F → Dm→ G→ C
I → VI → IV → V → I C → Am→ F → G→ C
VI → IV → V → I Am→ F → G→ C
I → IV → II → V C → F → Dm→ G
I → III → IV → V C → Em→ F → G
II → I → IV Dm→ G→ C → F
ද 3.2: ېଇͷ࿨੠
ېଇͷ࿨੠ਐߦ ίʔυωʔϜͷྫ
II → IV Dm→ F
VI → I Am→ C
III → V Em→ G
3.1.7 సௐʹΑΔ࿨੠
·ͨసௐΛߟ͑ͨ࿨੠΋ߟ͑ΔɽΫϥγοΫָۂʹ͸ௐ͕ఆΊΒΕ͓ͯΓɼָઅͱݺ
͹ΕΔָۂͷ෼ׂ୯Ґຖʹௐ͕มΘΔ͜ͱ͕͋Δɽجຊతʹ͸ௐ߸ʹ͕ͨͬͨ͠૬ରత
ͳԻ౓ΛٻΊ͍ͯͨ͘Ίɼௐ͕มΘΔͱ Iͷ࿨Իͷߏ੒Ի͸มԽ͢Δɽྫ͑͹ɼਤ 3.4͸
ϋ௕ௐͷΧσϯπύλʔϯͱτ௕ௐͷΧσϯπύλʔϯͷൺֱ͕ͩɼಉ͡ I → V → IͰ
΋ߏ੒Ի͕ҟͳΔɽৗʹௐͱΧσϯπΛҙࣝ͠ɼͦͷָۂͷௐ্ͷ࿨ԻΛߟ͑Δ
·ͨભҠઌͷௐ͸ؔ܎ௐΛ·ͣߟ͑Δɽؔ܎ௐͱ͸ɼભҠݩͷௐ͔Β͍ۙͱߟ͑ΒΕ
ΔௐੑͰɼجຊతʹ͸ؔ܎ௐ΁ભҠ͞ΕΔɽཧ࿦ॻʹΑͬͯҧ͍͸͋Δ͕ɼؔ܎ௐ͸ओ
ʹ 6छྨଘࡏ͠ɼͦΕͧΕҎԼͷௐͰ͋Δɽ
• ଐௐɿओԻ͕׬શ 5౓্ͷௐʢϋ௕ௐͱτ௕ௐʣ
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• ԼଐௐɿओԻ͕׬શ 5౓Լͷௐʢϋ௕ௐͱϔ௕ௐʣ
• ฏߦௐɿௐ߸͕ಉ͡௕ௐͱ୹ௐͷؔ܎ʢϋ௕ௐͱτ୹ௐʣ
• ಉओௐɿओԻ͕ಉ͡௕ௐͱ୹ௐͷؔ܎ʢϋ௕ௐͱϋ୹ௐʣ
• ଐௐฏߦௐɿଐௐͷฏߦௐʢϋ௕ௐͱϗ୹ௐʣ
• ԼଐௐฏߦௐɿԼଐௐͷฏߦௐʢϋ௕ௐͱχ୹ௐʣ
ɽ
ਤ 3.4: ૬ର࿨Իͷྫ
3.1.8 आ༻࿨Ի
आ༻࿨Իͷ໰୊΋ߟ͑Δඞཁ͕͋Δɽआ༻࿨Իͱ͸ɼָۂதʹଞௐ͔Β࿨ԻΛआΓͯ
͘Δ͜ͱͰ͋Γɼָۂʹ͸ඞͣͱ͍͍͍ͬͯఔआ༻࿨Ի͕ग़ݱ͢Δʢਤ 3.5ʣɽجຊతʹ
͸ؔ܎ௐ͔ΒआΓͯ͘Δ͜ͱ͕ଟ͘ɼυϛφϯτͷ໾ׂΛ୲͏͜ͱ͕ଟ͍ɽ్தͰྟ࣌
ه߸ͳͲ͕ग़ݱͨ͠৔߹͸͜ͷआ༻࿨ԻΛ͍ٙɼୈҰʹυϛφϯτΛ૝ఆͨ͠࿨੠Λ෇
༩͢Δɽ
Ҏ্ʹΑΓɼਓؒ͸࿨੠෼ੳΛߦͳ͏ࡍɼഥઅߏ଄ɼΧσϯπɼඇ࿨੠ԻͳͲͷָయΛ
ߟྀͯ͠࿨੠ͷ෇༩Λߦͳ͏ɽ͞Βʹɼ෼ੳͷաఔͰ൑໌ͨ͠৘ใΛָේʹॻ͖ࠐΉ͜
ͱʹΑΓɼԋ૗ͷΫΦϦςΟΛ޲্͍ͤͯ͞Δɽ
ਤ 3.5: आ༻࿨Իͷྫ
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3.2 TonalPitchSpaceʹΑΔ࿨੠ղੳ
ఏҊ͢Δ࿨੠ղੳϑϨʔϜϫʔΫͰ͸ɼ࿨੠ղੳख๏ͱͯ͠ TonalPitchSpaceΛԠ༻
͢ΔͨΊɼຊઅͰ͸TonalPitchSpaceʹΑΔ࿨Իؒڑ཭ܭࢉʹ͍ͭͯهड़͢Δɽ
TonalPitchSpaceͱ͸ɼLerdahlʹΑͬͯఏҊ͞Εͨܭࢉ࿦తԻָཧ࿦Ͱ͋Γɼָۂʹ
ؐݩ໦Λੜ੒͢Δੜ੒Իָཧ࿦Generative Theory of Tonal Music(GTTM)[26]Λิ׬͢
ΔͨΊʹఏҊ͞ΕͨԻָཧ࿦Ͱ͋ΔɽGTTM͸ָۂΛԻූྻͱ͍͏ූ߸Խ͞Εͨ৘ใͰ
͋Δͱ͍͏ࢹ఺͔Β͜ΕΛߏ଄తʹ෼ੳ͠ɼᐆດੑΛ΋ָͬͨۂΛ٬؍తʹଊ͑Α͏ͱ
͢Δ΋ͷͰɼSchenkerianͷ΢ϧβοπ֓೦ʹجͮ͘ߏ଄ओٛత෼ੳͱ Chomskyͷੜ੒
ݴޠจ๏ཧ࿦Λج൫ͱ͠ɼָۂΛҰछͷݴޠͱͯ͠ଊ͑ਓ͕ؒԻָ͔ΒಘΒΕΔ௚ײత
಺༰Λܗࣜతʹهड़͢Δ͜ͱΛࢼΈ͍ͯΔɽਤ 3.2ʹGTTMͷదԠྫΛࣔ͢ɽGTTM͸
4ͭͷαϒཧ࿦͔Βߏ੒͞ΕɼָۂΛಈػ΍ָઅͱ͍ͬͨ୯Ґʹ෼ׂ͢Δάϧʔϐϯάཧ
࿦ɼ֤ഥઅϨϕϧʹ͓͚ΔڧഥͱऑഥΛఆΊΔഥઅߏ଄ɼߏ଄తʹॏཁͳԻͷબग़Λ܁
Γฦ͠ɺϘτϜΞοϓʹ໦ߏ଄Λ࡞ΔλΠϜεύϯ؆໿ɼػೳ࿨੠ʹجͮ͘ۓுஎ؇ߏ
଄Λτοϓμ΢ϯʹ෼ੳ͢ΔԆ௕తؐݩ໦ͷ 4͔ͭΒͳΔɽ݁Ռతʹָۂͷߏ੒ཁૉͷ
ॏཁ౓Λ֊૚ؔ܎Ͱࣔͨ͠λΠϜεύϯ໦ɼϋʔϞχʔͷ҆ఆੑΛࣔͨ͠Ԇ௕తؐݩ໦
ΛಘΔ͜ͱ͕Ͱ͖ΔɽGTTM͸֤ཧ࿦Λߏங͢ΔͨΊͷنଇ͕Օ৚ॻ͖Ͱه͞Ε͍ͯΔ
ͨΊɼܭࢉػ΁ͷ࣮૷͕ൺֱత༰қͰ͋Γɼকདྷ͸ࣗಈ࡞ۂγεςϜ΍࡞ۂࢧԉγες
Ϝ΁ͷԠ༻͕ظ଴͞Ε͍ͯΔɽ
GTTMʹΑΔָۂղੳͷݚڀ͸޿͘ߦΘΕ͍ͯΔɽ͔͠͠ͳ͕Βɼαϒཧ࿦ͷ 1ͭͰ
͋ΔԆ௕తؐݩ໦Λ׬શʹ࣮૷͢Δ͜ͱ͕Ͱ͖͍ͯͳ͍ɽԆ௕తؐݩ໦͸λΠϜεύϯ
໦ΛԻָతߏ଄ʹ͕ͨͬͯ͠૊Έ௚ͨ͠΋ͷͰ͋Δ͕ɼΫϥγοΫԻָɼͱ͘ʹݹయ೿
Իָʹ͓͍ͯ͸࿨੠Λҙࣝͯ͠࡞ۂ͞Ε͍ͯΔͨΊɼ࿨੠ֶΛߟྀͨ͠࿨ԻΛղੳ͢Δ
γεςϜ͕ඞਢͱͳΔɽ
͔͠͠ͳ͕ΒɼGTTMʹ͸࿨੠Λߟྀͨ͠نଇ͕هड़͞Ε͍ͯͳ͍.ͦͷͨΊݱࡏͷ
ͱ͜ΖGTTMͷ࣮૷͸׬શͱ͸ݴ͑ͳ͍ɽͦ͜ͰɼGTTMʹ͓͚Δ࿨੠ֶΛิ׬͢Δ
ͨΊʹTPS͕ఏҊ͞ΕͨɽTPS͸ௐ΍࿨Իͷޒ౓ݍΛ༻͍ͯ࿨੠ֶΛ਺ֶతߏ଄͔Β࠶
ߏ੒͢Δཧ࿦Ͱ͋Γɼ࿨Իɼௐ͔Βͷൺֱ͕ՄೳͰ͋Γɼܭࢉ݁Ռ͕੔਺஋Ͱฦ͞ΕΔ
ͨΊɽ୯७ʹڑ཭ͱͯ͠ѻ͏ࣄ͕ग़དྷΔɽΑͬͯɽز͔ͭͷ࿨੠ͷத͔ΒͲΕ͕Ұ൪ଥ
౰ͳਐߦͳͷ͔Λ༰қʹਪఆ͢Δ͜ͱ͕Ͱ͖Δɽ͔͠͠ͳ͕ΒɼܭࢉΛߦ͏࿨Իಉ͕࢜
ԕִௐͷؔ܎ʹ͋Δ৔߹ܭࢉ݁Ռ͸࿨੠ֶతͳೝࣝͱ͸ۙࣅ͠ͳ͍.ྫ͑͹ɼ ϋ௕ௐͷ
τχοΫ͔Βϋ୹ௐͷτχοΫʹભҠ͢Δͱ͍͏ਐߦ͸࿨੠ֶͰ͸͋Γ͑ͳ͍ېଇͷ࿨
੠Ͱ͋Δ.͔͠͠ͳ͕Βɼ TPSͷ࿨Իؒڑ཭ܭࢉࣜͰ͸ͦΕఔ཭Ε͓ͯΒͣਐߦͱͯ͠
͸ݱ࣮తͳܭࢉ݁Ռ͕ग़ྗ͞ΕΔ. ͜ͷ༷ʹɼ TPSʹ͸ໃ६ͨ͠఺͕ଘࡏ͢ΔͳͲࡉ෦
ͰᐆດͰ͋ͬͨΓໃ६ͨ͠෦෼͕ଘࡏ͢ΔͨΊɼࡔຊΒ [15]͸ͦΕΒͷ໰୊఺Λղܾ͢
ΔͨΊʹTPSΛ੔උͨ͠. ຊ߲Ͱ͸ݪஶʹԊͬͨ࿨Իؒڑ཭ܭࢉࣜͰ͸ͳ͘ɼࡔຊΒ͕
੔උͨ͠࿨Իؒڑ཭ܭࢉࣜΛԠ༻͠ɼ৽ͨͳ࿨Իؒڑ཭ܭࢉࣜʹ͍ͭͯड़΂Δɽ
ਤ 3.6: GTTMͷྫ
3.2.1 TonalPitchSpaceΛԠ༻ͨ͠࿨Իؒڑ཭ܭࢉ
࿨ԻީิάϥϑͷભҠݩͷ࿨ԻΛ xɼ ભҠઌΛ yͱͨ͠࿨Իؒڑ཭ؔ਺ δ(x, y)Λఆٛ
͢Δɽ
δ(x, y) =
{
region(x, y) + chord(x, y)ɹ (ؔ܎ௐ)
minδ(x, I/R1) +∆(R1, R2) + δ(I/R2, y)|R1 ∈ P (x), R2 ∈ P (y)ɹ (ԕִௐ)
(3.1)
ؔ܎ௐͱԕִௐͰ͸ܭࢉ͕ࣜҟͳΓɼ࿨Ի xͱ y͕ؔ܎ௐͷؔ܎Ͱ͋Ε͹্෦ͷܭࢉ
ࣜΛ༻͍ɼԕִௐͷؔ܎Ͱ͋Ε͹Լ෦ͷܭࢉࣜΛ༻͍Δ. ఏҊख๏Ͱ͸ࡔຊΒ͕ఆٛͨ͠
࿨Իؒڑ཭ܭࢉࣜʹߋʹมߋΛՃ͓͑ͯΓɼຊདྷͰ͋Ε͹ؔ܎ௐϕʔγοΫεϖʔεΛ
༻͍ͨڑ཭ؔ਺ basicspace(x, y)ΛՃ͍͑ͯΔ͕ɼ͜ͷؔ਺͸ભҠݩͱભҠઌͷ࿨Իͷߏ
੒Ի͕ͲΕ΄Ͳࣅ͍ͯΔ͔ఆྔԽͨؔ͠਺Ͱ͋ͬͨͨΊলུ͠ɼ4.1.3߲ʹͯड़΂ͨ࿨Ի
ީิྻڍ๏ʹԠ༻ͨ͠ɽ
ؔ܎ௐͷ৔߹͸ௐಉ࢜ͷڑ཭ΛٻΊΔ region(x, y)ͱ,Ի౓ಉ࢜ͷڑ཭ΛٻΊΔ chord(x,
y)ͷ 2ͭͷؔ਺ͷઢܗ࿨ͰٻΊΔࣄ͕Ͱ͖Δ.
(1) region(x, y)
region(x, y)Ͱ͸ௐͷޒ౓ݍʹΑΔڑ཭ΛٻΊΔɽௐͷޒ౓ݍͱ͸ɼ12ͷ௕ௐ, 12ͷ୹
ௐ͔ΒͳΔԁͰ͋Γ,ͦΕͧΕྡͷௐ͕׬શޒ౓ͷؔ܎ʹͳ͍ͬͯΔɽ·ͨɼ୹ௐͱ௕ௐ
͸ฒߦௐͷؔ܎Ͱ઀ଓ͞Ε͍ͯΔɽௐͷޒ౓ݍΛ 3.7ʹࣔ͢ɽ͜ͷؔ਺͸ௐͷޒ౓ݍʹ͓
͍ͯࢹ֮తʹͲΕ͚ͩ཭Εͨݽʹଘࡏ͢Δ͔Ͱߟ͑Δ͜ͱ͕Ͱ͖Δ. ೚ҙͷௐ͔Βͦͷ
ྡͷௐ·Ͱͷڑ཭Λ 1ͱ͠ɼྫ͑͹ϋ௕ௐ͔Βχ௕ௐͷڑ཭͸ 2ͱͳΔɽ୹ௐͷ৔߹͸ͦ
ͷฒߦௐͷϐονΫϥεʹม׵͢Δඞཁ͕͋Δ. ฏߦௐ΁ͷม׵͸ओԻΛࡾͭߴ͍Ի΁ͷ
γϑτ͢Δ͜ͱʹΑΓ࣮ݱͰ͖ΔɽҎԼͷࣜΛ༻͍ͯ࿨ԻΛ௕ௐͷϐονΫϥεʹม׵
͢Δɽx.key͸࿨Ի xͷௐͷϐονΫϥε஋Λද͍ͯ͠ΔɽҎ্ΑΓ region(x, y)ΛٻΊ
Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 3.7: ௐͷޒ౓ݍ
x.key =
{
x.key (x.key =௕ௐͷ࣌)
(x.key + 3) mod 12 (x.key =୹ௐͷ࣌)
(3.2)
(2) chord(x, y)
chord(x, y)Ͱ͸,࿨Իͷޒ౓ݍʹ͓͚Δڑ཭ΛٻΊΔ (ਤ3.8)ɽregion(x, y)ͱಉ༷ʹɼ͇
ͱyͷ࿨Ի͕Ͳͷ͘Β͍཭Ε͍ͯΔ͔ΛఆྔԽ͢Δؔ਺Ͱ͋ΔɽࡔຊΒ͕ఏҊͨ͠chord(x,
y)͸ɼઈରతͳԻ౓ʹ࿨ԻΛ௚ͯ͠ൺֱ͍ͯ͠Δɽྫ͑͹ɼx = C : Iͱ y = D : Iͷൺ
ֱͰ͋Ε͹ɼͰ͋Ε͹ɼD:Iͷ࿨ԻΛCͷௐ্Ͱߟ͑Δɽͭ·ΓɼD:I͸ϨɼϑΝɼϥͷ
࿨ԻͰ͋Γɼϋ௕ௐͰ͸C:IIͱͳΔͨΊɼIͱ IIͷڑ཭ΛٻΊΔɽ
ఏҊख๏Ͱ͸ɼൺֱ͢Δ࿨ԻͷௐΛ߹ΘͤͣʹͨͩԻ౓ͷΈͰͷൺֱΛߦ͏ɽ͜Ε͸
आ༻࿨Իͷݕग़ͷͨΊͰ͋Δɽआ༻࿨Իͱ͸ɼओௐͱ͸ҧ͏ௐ͔ΒआΓ͖ͯͨ࿨Իͷ͜
ͱͰ͋Δɽआ༻࿨Ի͸ج࿨ԻͷػೳΛมԽͤ͞Δ΋ͷͰ͸ͳ͘ɼυϛφϯτͰ͋Ε͹υ
ϛφϯτͱͯ͠आ༻ͯ͘͠Δͷ͕ҰൠతͰ͋ΔɽͦͷͨΊɼௐΛ߹Θ্ͤͨͰൺֱ͢Δ
ख๏͸आ༻࿨Ի͕ग़ݱͨ͠ࡍʹݕग़ͮ͠Β͘ͳΔɽఏҊख๏Ͱ͸ chord(x, y)͸ௐΛߟ͑
ͣɼ୯ͳΔΧσϯπύλʔϯͷఆྔԽΛߦ͏ɽ
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ਤ 3.8: ࿨Իͷޒ౓ݍ
3.2.2 ԕִௐ΁ͷରԠ
ԕִௐΛΑΓԕ͘΁͓ͨ͘ΊʹௐੑۭؒʹΑΔܭࢉࣜΛ༻͍Δ. ਤ 3.9͕ௐੑۭؒͰ͋
ΓɼͲͷௐͱͲͷௐ͕͍ۙؔ܎ʹ͋Δͷ͔Λࣔ͢΋ͷͰɼ֤ௐͷ Iͷ࿨Իͱ࿨Իؒڑ཭
ϧʔϧʹΑΓٻΊΒΕΔɽશͯͷ௕ௐʹ͍ͭͯɼ্͕ଐௐɼԼ͕Լଐௐɼࠨ͕ฏߦௐɼࠨ
্͕ଐௐฒߦௐɼࠨԼ͕Լଐௐฒߦௐɼӈ͕ಉओௐͱ͍͏Α͏ʹؔ܎ௐ͕ྡ઀ͯ͠ฒΜ
Ͱ͍Δɽ୹ௐ΋௕ௐͱࠨӈٯͰ͸͋Δ͕ۙ਌ௐ͕ྡ઀͍ͯ͠Δɽਤ 3.10ʹϋ௕ௐ,ਤ 3.11
ʹϋ୹ௐͷۙ਌ௐͷؔ܎Λࣔ͢ɽತܕͷਤܗͰғ·Εͨௐ͕தԝͷௐͷۙ਌ௐͰ͋Δɽϋ
௕ௐ (C)ͷۙ਌ௐ͕ c, G, F, a, e, dͰ,ɹϋ୹ௐ (c)ͷۙ৽ௐ͕C, g, f, B♭, E♭, A♭Ͱ͋Δ
͜ͱΛ͍ࣔͯ͠ΔɽௐੑۭؒΛ༻͍ͯௐؒڑ཭∆(r1, r2)ΛٻΊΔɽr1, r2͸ௐΛද͢ม਺
Ͱ͋Δɽ∆(r1, r2)͸ௐੑۭؒʹ͓͚Δ r1ͱ r2ͷ࠷୹ڑ཭Ͱ͋Γɼਤ 3.12ͷίετΛ༻͍
ͯٻΊΔɽ͜ͷϧʔϧʹैͬͨܭࢉ݁ՌͷྫΛز͔ͭڍ͛Δ.
• ∆(C → g) = C (7)−→ c (7)−→ g = 7 + 7 = 14
• ∆(C → b) = C (9)−→ e (7)−→ b = 9 + 7 = 16
• ∆(E → F ) = E (7)−→ e (9)−→ C (7)−→ F = 7 + 9 + 7 = 23
Ҏ্ʹΑΓԕִௐΛΑΓԕ͘ʹ͓͘ɽ
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d♯ F♯ f♯ A a C c
g♯ B b D d F f
c♯ E e G g B♭ b♭
f♯ A a C c E♭ e♭
b D d F f A♭ a♭
e G g B♭ b♭ D♭ d♭
a C c E♭ e♭ G♭ g♭
ਤ 3.9: ௐੑۭؒ
ਤ 3.10: ϋ௕ௐʹ͓͚Δۙ਌ௐͷ഑ஔ
ਤ 3.11: ϋ୹ௐʹ͓͚Δۙ਌ௐͷ഑ஔ
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ਤ 3.12: ௐੑۭؒͷભҠίετ
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ୈ4ষ ࿨੠ղੳϑϨʔϜϫʔΫ
ຊষͰ͸ɼ࿨੠ղੳϑϨʔϜϫʔΫͷఏҊʹ͍ͭͯड़΂Δɽ
4.1 ࿨੠ղੳϑϨʔϜϫʔΫ֓ཁ
࿨੠ղੳϑϨʔϜϫʔΫ͸Իָ৘ใՊֶͷݚڀऀͱɼԻָՈΛ͸͡Ίͱ͢ΔΤϯυϢʔ
βʔΛର৅ͱ͠ɼԻָ৘ใՊֶͷݚڀͱɼ࿨੠෼ੳͷαϙʔτΛ໨తͱ͢Δɽαϙʔτ
ͱ͍ͬͯ΋༷ʑͳछྨ͕͋Δ͕ɼ࿨੠ղੳϑϨʔϜϫʔΫͷҐஔ෇͚ͱͯ͠͸ɼ࿨੠ղ
ੳΛ༻ָ͍ͨۂղੳͳͲԻָ৘ใՊֶͷԠ༻ݚڀ΁ͷෑډΛ௿͘͢ΔͨΊͷ࿮૊Έɼͦ
ͯ͠࿨੠ղੳΛԻָՈΛ࢝Ίͱ͢ΔΤϯυϢʔβʔ͕ར༻Ͱ͖ΔΑ͏ͳ࿮૊ΈͰ͋Δɽ
ຊݚڀͰ͸࿨੠ղੳϑϨʔϜϫʔΫΛɼ༷ʑͳ࿨੠ղੳख๏Λऔࣺબ୒Ͱ͖ɼͦͷϓ
ϩηεͱ݁ՌΛऔಘͰ͖Δ࿮૊Έͱఆٛ͢Δɽ3ষͰड़΂ͨਓखʹΑΔ࿨੠෼ੳͷΞϧΰ
ϦζϜΛۙࣅ͠ɼͦΕΒΛεςοϓʹ෼ׂ͠ϞδϡʔϧԽ͢Δ͜ͱͰɼطଘͷೖྗ͔Β
ग़ྗ·ͰҰؾ௨؏ͳॲཧͰ͸ͳ͘ɼϢʔβʔࣗ਎͕ΞϧΰϦζϜ΍ղੳํ๏Λબ୒ग़དྷ
ΔΑ͏ʹ͢Δɽ͜ΕʹΑΓɼԻָ৘ใՊֶͷݚڀऀ͕ɼ࿨੠ղੳҎ֎ͷָۂղੳ΍ɼ࿨
੠ղੳʹؔΘΔ৽ͨͳϞδϡʔϧ΋ϑϨʔϜϫʔΫ্ͰఏҊͰ͖ΔΑ͏ʹ͢Δɽ
·ͨɼΤϯυϢʔβʔ͕ར༻Ͱ͖ΔΑ͏ʹϨϯμϦϯάʹ͍ͭͯ΋ରԠ͢Δɽຊݚڀ
Ͱ͸ղੳ݁ՌΛՄࢹԽ͢ΔϞδϡʔϧΛఆٛ͠ɼMusicXML্΁ϨϯμϦϯάΛߦ͏͜
ͱͰɼ֤Ϟδϡʔϧຖͷղੳ݁ՌΛ࣮ࡍͷָේ্Ͱ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɽߋʹɼ݁ՌΛ
Ϣʔβʔࣗ਎͕ฤूͰ͖ΔϞδϡʔϧΛఆٛ͢Δ͜ͱʹΑΓɼܭࢉػͷΈͷղੳ͚ͩͰ
͸ͳ͘Ϣʔβʔ͕݁ՌΛૢ࡞Ͱ͖ΔΑ͏ʹ͢Δɽ͜ΕʹΑΓɼ͜Ε·Ͱ͸ָේͱ෼཭͠
ͨग़ྗ݁ՌͰ͋ͬͨͨΊԻָՈʹͱͬͯ͋·Γҙຯͷͳ͍΋ͷͰ͕͋ͬͨɼ࿨੠ղੳϑ
ϨʔϜϫʔΫΛ࢖༻͢Δ͜ͱʹΑͬͯԋ૗ࢧԉ΍࿨੠෼ੳΛԻָՈ͕ߦ͑ΔΑ͏ʹͳΔɽ
࿨੠ղੳϑϨʔϜϫʔΫͷར༻ྫͱͯ͠ҎԼͷ 3͕ͭߟ͑ΒΕΔɽ
࿨੠෼ੳͷิॿɾ࣌ؒ୹ॖ ԻָՈ͸ԋ૗΍ࢦشͳͲΛ͢ΔࡍɼָۂΛΑΓਂ͘ཧղ͢
ΔͨΊʹ࿨੠෼ੳΛߦͳ͏ɽ͔͠͠ɼ௕ָ͍ۂ΍ෳ਺ͷָۂʹରͯ͠࿨੠෼ੳΛߦΘͳ
͚Ε͹ߦ͚ͳ͍৔߹ɼͦΕ͚ͩͰ͔ͳΓͷ࣌ؒΛཁ͢Δɽ࿨੠ղੳϑϨʔϜϫʔΫ͸ܭ
ࢉػ͕ࣗಈͰ࿨੠Λ෇༩͢ΔͨΊɼਓखͰߦͳ͏࿨੠෼ੳΑΓ΋୹͍࣌ؒͰ࿨੠Λ෇༩
͢Δ͜ͱ͕Ͱ͖Δɽ
࿨੠෼ੳͷΫΦϦςΟ޲্ ԻָՈ͕࿨੠෼ੳΛߦͳ͏ࡍ͸ओ؍ʹཔ͍ͬͯΔ͜ͱ͕ଟ
͘ɼબ୒ࢶͷ෯ΛڱΊͯ͠·͍ͬͯΔ͜ͱ͕͋Δɽ࿨੠ʹ͸ෳ਺ͷղऍ͕ଘࡏ͠ɼԻָ
Ոશһ͕ಉ͡ղऍΛࣔ͢͜ͱ͸গͳ͍ɽ࿨੠ղੳϑϨʔϜϫʔΫͰ͸ɼ࿨ԻީิΛෳ਺
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ྻڍ͠ɼͦΕΛָේ্ʹϨϯμϦϯά͢ΔͨΊɼ࢖༻ऀ͸ͦΕΒΛߟྀ͠ͳ͕Β࿨੠෼
ੳΛߦ͏͜ͱ͕Ͱ͖ΔɽϑϨʔϜϫʔΫΛ༻͍ͯ࿨੠෼ੳΛߦͳ͏͜ͱʹΑΓɼ࣌ؒ୹
ॖʹՃ͑ɼ࿨੠෼ੳͷΫΦϦςΟΛ޲্ͤ͞Δ͜ͱ͕Ͱ͖Δɽ
ָۂղੳʹԠ༻ ָۂղੳʹ͸Ϟνʔϑղੳ΍ϦζϜೝࣝͱ͍༷ͬͨʑͳߏ଄ղੳ͕ଘ
ࡏ͢ΔɽָۂղੳͷલʹɼैདྷͰ͋Ε͹ݚڀऀ͕֤ࣗͰMusicXML͔Βߏ੒Ի΍Իָه
߸ΛऔΓग़͢ඞཁ͕͋Δ͕ɼߏ੒Իऩूʹ͸MusicXMLͷ࢓༷ʹ͍ͭͯৄ͘͠ௐ΂ͳ͚
Ε͹ͳΒ͕͔͔ͣ࣌ؒΔɽ࿨੠ղੳϑϨʔϜϫʔΫΛ༻͍Δ͜ͱͰɼMusicXMLͷෳࡶ
ͳ࢓༷΍खؒͷ͔͔Δߏ੒Իऩू࡞ۀΛ୹ॖ͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼ࿨੠ղੳͷॲཧ
͸εςοϓຖʹϞδϡʔϧԽ͞Ε͍ͯΔͨΊɼഥઅߏ଄΍ָۂ෼ׂͳͲɼָۂղੳʹ͓
͍ͯڞ௨ͷॲཧΛඞཁʹԠͯ͡औಘ͢Δ͜ͱ͕Ͱ͖Δɽ
4.2 ࿨੠ղੳϑϨʔϜϫʔΫͷΞʔΩςΫνϟ
ਤ 4.2ʹɼϑϨʔϜϫʔΫͷΞʔΩςΫνϟΛࣔ͢ɽ
ϑϨʔϜϫʔΫࣗମΛMusicXMLΛϕʔεݴޠͱͨ͠WebΞϓϦέʔγϣϯͱͯ͠ఆ
ٛ͠ɼຊݚڀͰ͸Ruby on Rails্ͰϑϨʔϜϫʔΫͷ࣮૷Λߦ͏ɽMVCϞσϧͰఆٛ
͞Ε͓ͯΓɼϏϡʔͷ໾ׂΛ୲͏ՄࢹԽΠϯλϑΣʔεɼίϯτϩʔϥͷ໾ׂΛ୲͏ղ
ੳΞϓϦέʔγϣϯɼϞσϧͷ໾ׂΛ୲͏࿨੠ղੳΫϥεϥΠϒϥϦ͕͋Δɽ
ҎԼʹ֤ϩδοΫʹ͍ͭͯهड़͢Δɽ
ਤ 4.1: ࿨੠ղੳϑϨʔϜϫʔΫͷΞʔΩςΫνϟ
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4.3 ղੳΞϓϦέʔγϣϯ
ղੳΞϓϦέʔγϣϯ͸ίϯτϩʔϥͷ໾ׂΛ࣋ͭɽ۩ମతʹ͸ɼϏϡʔͰ͋ΔՄࢹԽ
ΠϯλϑΣʔεͰࢦఆ͞Εͨղੳ΍ύϥϝʔλΛ࿨੠ղੳΫϥεϥΠϒϥϦʹҾ͖౉͢
໾ׂͱɼղੳ݁ՌΛهड़ͨ͠MusicXMLΛՄࢹԽΠϯλϑΣʔεʹ౉͢໾ׂΛ୲͏ɽ࿨
੠ղੳϦιʔεͱͯ͠AnalyzeΛఆٛ͠ɼAnalyzeίϯτϩʔϥͷRESTfulͳϧʔτΛ
ද 4.1ʹࣔ͢ɽ
ද 4.1: AnalyzeϦιʔεʹର͢ΔRESTfulͳϧʔτ
HTTPϝιου ύε ΞΫγϣϯ ༻్
GET /analyze/input input MusicXMLΛ৽ͨʹొ࿥
POST /analyze create MusicXMLΛ৽ͨʹొ࿥
GET /analyze/1/rule rule id=1ͷָۂͷڧഥɾऑഥΛ෇༩
GET /analyze/1/candidate candidate id=1ͷָۂͷ࿨ԻީิΛྻڍ
GET /analyze/1/divide divide id=1ͷָۂͷָۂ෼ׂΛߦͳ͏
GET /analyze/1/harmony harmony id=1ͷָۂͷ࿨੠ߜࠐΛߦͳ͏
DELETE /analyze/1 destory id=1ͷָۂΛ࡟আ
4.4 ղੳΫϥεϥΠϒϥϦ
Ϟσϧʹ͋ͨΔ࿨੠ղੳΫϥεϥΠϒϥϦʹ͓͍ͯ͸ɼ࿨੠ղੳʹؔΘΔϝιου܈
Λఆٛͨ͠ղੳϞδϡʔϧɼղੳϞδϡʔϧͷ݁ՌΛϨϯμϦϯά͢ΔMusicXMLม׵
ϞδϡʔϧɼղੳϞδϡʔϧͷղੳ݁ՌΛϢʔβʔ͕ฤूͰ͖ΔฤूϞδϡʔϧɼղੳ
Ϟδϡʔϧʹ͓͚ΔܭࢉࣜͷύϥϝʔλΛௐ੔Ͱ͖ΔධՁϞδϡʔϧ͕ఆٛ͞Ε͍ͯΔɽ
·ͨɼ֤ϞδϡʔϧʹΑΓಘΒΕͨ݁Ռ͸MusicXML΁ؐݩɼ·ͨ͸ղੳϩά༻ʹఆٛ
ͨ͠ ExtendedMusicXML΁هड़͞ΕΔɽ
4.4.1 ղੳϞδϡʔϧ
ղੳϞδϡʔϧͰ͸ɼ࿨੠ղੳʹඞཁͳϝιου܈Λఆ͍ٛͯ͠ΔɽղੳΞϧΰϦζ
Ϝʹ͍ͭͯ͸ɼਓ͕ؒ࿨੠෼ੳΛߦ͏ࡍͷΞϧΰϦζϜΛۙࣅ͓ͯ͠ΓɼͦΕͧΕͷε
ςοϓʹ͓͍ͯ༻ҙ͞Εָͨయͷղऍ΍ΞϧΰϦζϜΛऔࣺબ୒͢Δ͜ͱʹΑΓɼ࿨੠
ղੳख๏ʹ෯Λ࣋ͨͤΔ͜ͱ͕ՄೳʹͳΔɽ·ͨɼ࿨੠ͷग़ྗ͚ͩͰͳ͘ղੳͷεςο
ϓຖʹ৘ใͷऔಘ͕ՄೳͰ͋ΔͨΊɼ࿨੠ղੳΛ༻͍ͨ࡞ۂࢧԉγεςϜ΍ಛ௃ղੳʹ
Ԡ༻͚ͩͰͳ͘ɼ࿨੠ղੳ݁ՌҎ֎ͷߏ੒Ի΍ίʔυީิͳͲͷऩू͕ՄೳʹͳΔͨΊɼ
࿨੠ղੳҎ֎ͷָۂղੳʹ΋Ԡ༻Ͱ͖Δɽ
(1) ߏ੒Իऩू
ָۂղੳΛߦ͏ࡍɼ·ͣഥઅຖͷߏ੒ԻΛऩू͢Δɽߏ੒ԻऩूͰ͸ɼղੳ୯Ґͱ͠
ͯ෼ׂͨ͠খઅຖͰ໐͍ͬͯΔԻූΛूΊΔͨΊɼ֤খઅͷ෼ׂ୯ҐΛٻΊΔɽখઅͷ
26
෼ׂ୯Ґʹ͸ഥઅߏ଄Λߟྀ͠ɼഥઅຖͰ෼ׂ͢Ε͹Α͍ɽద੾ͳഥઅ͸ɼ4෼ͷ 4ഥࢠ
ͷָۂͰ͋Ε͹ 1খઅ͋ͨΓ 4ͭɼ4෼ͷ 3ഥࢠͷָۂͰ͋Ε͹̏ͭͱ͍͏Α͏ʹɼഥࢠ
ه߸Λࢀর͢ΔࣄͰٻΊΒΕΔɽ
2ষͰड़΂ͨ௨ΓɼطଘݚڀͰ͸ϗϞϦζϜม׵ʹΑͬͯߏ੒ԻऩूΛՄೳʹ͍ͯͨ͠
͕ɼԻූΛ૿΍ͯ͠͠·͏໰୊఺͕͋ͬͨɽຊݚڀͰ͸ɼ֤Իූʹ idΛৼΓɼͦΕΛࢀ
র͢ΔܗࣜΛऔΔ͜ͱʹΑͬͯɼָۂͷߏ଄Λ่͢͜ͱແ͘ߏ੒ԻΛऩू͢Δɽ͜Εʹ
ΑΓɼ֤ߏ੒Ի͕খઅ಺ͷͲͷҐஔͰൃԻ͞Ε͓ͯΓɼͲͷҐஔͰফԻ͞Ε͍ͯΔ͔Λ
஌Δ͜ͱ͕ՄೳʹͳΓɼ࣍খখઅʹ͍ͭͯड़΂Δڧഥऑഥ෇༩͕ՄೳʹͳΔɽ
ߏ੒ԻऩूϞδϡʔϧΛ࣮ߦ͢Δ͜ͱʹΑΓɼഥઅຖͷߏ੒Իͷ idϦετͱɼϐον
Ϋϥε͕ ExtendedMusicXMLʹهड़͞ΕΔɽ
(2) ڧഥऑഥ෇༩
ऩूͨ͠ߏ੒Իʹɼָయͷղऍ͔Βੜ੒ͨ͠ϧʔϧΛ෇༩͢ΔɽఏҊख๏Ͱ͸ഥࢠΛ
ߟྀͨ͠࿨੠తڧ౓ͷ෇༩ɼָઅຖͷָۂ෼ׂ͕͋Δɽ
ഥࢠΛߟྀͨ͠࿨੠తڧ౓ͷ෇༩ ߏ੒ԻऩूͷࡍɼൃԻ͞Ε͍ͯΔ͔Ͳ͏͔ΛόΠφ
ϦͰදݱ͢ΔͷͰ͸ͳ͘ɼ0͔Β 1΁ͷදݱͱ͢Δ͜ͱͰɼߏ੒Իͷ࿨੠తڧ౓ΛٻΊΔɽ
࿨੠తڧ౓Λهड़͢Δ͜ͱʹΑΓɼߏ੒Ի͕Ͳͷఔ౓࿨੠ʹӨڹ͍ͯ͠Δ͔ͷ৘ใΛ෇
༩͢Δɽ
ڧ౓ΛٻΊΔख๏ͱͯ͠ɼڧഥɼऑഥΛߟྀ͢Δɽඇ࿨੠Ի͸ͦΕͧΕݻ༗ͷಛ௃͕
͋Δ͕ɼऑഥʹग़ݱ͢Δ͜ͱ͕ଟ͍ͱ͍͏ڞ௨ͷಛ௃͕͋Δɽ͜ͷڧऑ͸Իͷେ͖͞Ͱ
͸ͳ͘ɼ৺ཧతͳڧ͞Λද͠ɼڧഥ෦෼ʹ࿨੠Ի͕഑ஔ͞ΕΔ͜ͱ͕ଟ͍ɽ
ఏҊख๏Ͱ͸ɼղੳ۠ؒࣗମͰͷॲཧͱɼղੳ۠ؒ಺Ͱͷڧഥɼऑഥͷॲཧ͕͋Δɽղ
ੳ۠ؒࣗମ͕ऑഥͷ৔߹ɼऑഥͷ۠ؒʹର͠ɼͦͷ௚લͷڧഥͷ۠ؒͷߏ੒ԻΛ଍͠߹
ΘͤΔʢਤ 4.2ʣɽղੳ۠ؒ಺ͷ৔߹͸ղੳ۠ؒΛ෼ׂ͠ɼલ൒෦෼Λޙ൒෦෼ʹ଍͠߹
ΘͤΔ (ਤ 4.3)ɽͦΕʹΑΓɼऑഥͰ͸ൃԻ͞Ε͍ͯͳͯ͘΋҉໧తʹڹ͍͍ͯΔԻΛߟ
ྀͰ͖Δɽ
ਤ 4.2: ഥઅ֎Ͱͷഥࢠؔ܎
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ਤ 4.3: ഥઅ಺Ͱͷഥࢠؔ܎
(3) ࿨Իީิྻڍ
࿨ԻީิྻڍͰ͸ɼղੳ۠ؒͷߏ੒Իʹର͠࿨ԻީิΛྻڍ͢ΔɽఏҊख๏Ͱ͸ɼϕʔ
γοΫεϖʔεΛԠ༻ͨ͠ɼ࿨Իͱߏ੒Իؒͷڑ཭ܭࢉࣜΛఏҊ͠ɼͦΕΛ༻͍Δɽ
ϕʔγοΫεϖʔε TPSͰ͸࿨Իͷߏ੒ԻͷӨڹྗΛ֊૚ߏ଄Ͱදݱ͢Δ֓೦ͱͯ͠
ϕʔγοΫεϖʔεͱ͍͏ཧ࿦͕ଘࡏ͢Δ. ͋ΔԻ͕ͦͷ࿨ԻͷதͰͲΕ΄ͲͷӨڹྗ͕
͋Δ͔͓ࣔͯ͠Γ, levelຖʹ֊૚෼͚͞Ε͍ͯΔ.
• level aʹ͋ΔϐονΫϥε͸ͦͷ࿨ԻͷࠜԻͰ͋Δ.
• level bʹ͋ΔϐονΫϥε͸ͦͷ࿨ԻͷࠜԻͱޒ౓ԻͷೋͭͰ͋Δ.
• level cʹ͋ΔϐονΫϥε͸ͦͷ࿨Իͷߏ੒ԻͰ͋Δ.
• level dʹ͋ΔϐονΫϥε͸ͦͷ࿨Ի͕ஔ͔Ε͍ͯΔௐͷߏ੒ԻͰ͋Δ.
͜͜Ͱ,ϕʔγοΫεϖʔεͰ͸࿨ԻΛ, TPSಠࣗͷදهํ๏Ͱهड़͍ͯ͠Δ. I/Cͱ
͍ͬͨදهͰ͋Γ,ϩʔϚ਺ࣈʹΑΔԻ౓ͱΞϧϑΝϕοτදهͷௐͷؒʹεϥογϡΛ
ૠΜͩ΋ͷͰ͋Δ. ͜Ε͸C(ϋ௕ௐ)ͷ 1൪໨ͷ࿨Իͱ͍͏͜ͱʹͳΔ. ࿨Ի͸ I͔ΒV
II·Ͱͷ 7௨Γ͋Γ,ௐ͸ 24௨छྨଘࡏ͢Δ. TPSʹ͓͚Δ࿨Իͱ͸,ͦͷ࿨Իͷओཁࡾ
࿨Իͷ͜ͱΛࢦ͢. ྫ͑͹ I/CͰ͋Ε͹υ,ϛ,ιͷ࿨ԻͰ͋Δ.
ਤ 4.4͸ I/CͷϕʔγοΫεϖʔεͰ͋Δ.ԣ͕࣠ϐονΫϥε,ॎ͕࣠Өڹ౓ͷ level
Λ͍ࣔͯ͠Δ. Ի໊Λ਺஋ʹม׵ͨ͠΋ͷΛϐονΫϥεͱݺͼ, 0͔Β 11ͷ੔਺஋ΛԻ
໊ʹׂΓৼ͍ͬͯΔ. ਤ͔Β෼͔Δ௨ΓϐονΫϥεͷ஋͕ 0,͢ͳΘͪυ͕Ұ൪Өڹྗͷ
ߴ͍ԻͰ͋Δ͜ͱ͕෼͔Γ,ͦͷ࣍ʹ 7(ι), 4(ϛ)͕ଓ͍͍ͯΔ. ·ͨϕʔγοΫεϖʔ
εΛಋೖ͢Δ͜ͱͷར఺ͱͯ͠,ͦͷ࿨ԻͷதͰ΋࣮ࡍʹൃԻ͞Ε͍ͯͳ͍Ի΋҉໧తʹ
ڹ͍͍ͯΔԻͰ͋Δͱߟ͑Δ͜ͱ͕Ͱ͖Δ. ྫ͑͹,ϨͷԻ͸ I/CͰ͸ൃԻ͞Ε͍ͯͳ͍
͕,ϕʔγοΫεϖʔεͰ͸গͳ͔Βͣ I/Cͷ࿨ԻʹؔΘ͍ͬͯΔ͜ͱ͕෼͔Δ.
ϕʔγοΫεϖʔεͷ֦ு ϕʔγοΫεϖʔεͰ͸ηϒϯεɾίʔυ΍୹ௐͷ۠ผΛ
ߦ͍ͬͯͳ͍. ࿨੠Ͱ͸υϛφϯτʹରͯ͠ଐࣣͷ࿨ԻΛ༻͍Δࣄ͕ଟ͍. ·ͨ୹ௐͰ͸
ࣣ౓Ի͕൒Ի্͕Δ࿨੠త୹Ի֊Λ༻͍Δࣄ͕ଟ͍.
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level a 0
level b 0 7
level c 0 4 7
level d 0 2 4 5 7 9 11
level e 0 1 2 3 4 5 6 7 8 9 10 11
ਤ 4.4: I/CͷϕʔγοΫε΃ʔε
ఏҊγεςϜͰ͸,υϛφϯτͷϕʔγοΫεϖʔεͷࣣ౓Ի,୹ௐͷϕʔγοΫεϖʔ
εͷࣣ౓ԻʹݶΓ, levelΛ cͱͯ͠ѻ͏. ਤ 4.5ʹV/CͷϕʔγοΫεϖʔεΛࣔ͢. ߏ
੒Ի͸ι,γ,ϨͰ͋ΔͨΊ 7͕ level a, 2͕ level b, 11͕ level c͕ͩ,7౓ԻͰ͋Δ 5΋
level cͱͳΔ. ਤ 4.6͸ I/aͷϕʔγοΫεϖʔεΛ͓ࣔͯ͠Γ,ߏ੒Ի͸ϋ௕ௐͱಉͩ͡
͕,࿨੠୹Ի֊Ͱ͋ΔࣄΛߟྀ͠ୈ 7ԻͰ͋ΔιͷԻ,ͭ·Γ 7͕൒Ի֊্͕Γ 8ͱͳͬͯ
͍Δ.
level a 7
level b 2 7
level c 2 5 7 11
level d 0 2 4 5 7 9 11
level e 0 1 2 3 4 5 6 7 8 9 10 11
ਤ 4.5: V/CͷϕʔγοΫε΃ʔε
level a 9
level b 4 9
level c 0 4 9
level d 0 2 4 5 8 9 11
level e 0 1 2 3 4 5 6 7 8 9 10 11
ਤ 4.6: I/aͷϕʔγοΫε΃ʔε
ϕʔγοΫεϖʔεͱͷൺֱʹΑΔ࿨Իީิྻڍ ϕʔγοΫεϖʔεͱߏ੒ԻΛൺֱ
͢ΔࣄʹΑΓ,ͦͷ࿨Իͱߏ੒Իͱͷྨࣅ౓ΛٻΊΔ. ϕʔγοΫεϖʔεΛ x, ߏ੒ԻΛ
yͱͨ͠૬ؔؔ਺ basicspace(x, y)Λఆٛ͢Δ. ҎԼͷεςοϓͰܭࢉΛߦ͏.
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1. ߏ੒ԻΛϐονΫϥε΁ม׵͢Δ.
2. ϐονΫϥεΛ 12࣍ݩϕΫτϧ্ʹ഑ஔ.͜͜Ͱ,Ϩϕϧ͸·ͩ dʢ=1ʣͰ͋Δ.
3. ൺֱΛߦ͏ϕʔγοΫεϖʔεΛ xͱ͠ɼxͱߏ੒ԻͷϨϕϧΛ߹ΘͤΔ.͜ΕΛ y
ͱ͓͘.
4. xͱ yΛൺֱ͠,ҟͳ͍ͬͯΔϨϕϧͷࠩΛ߹ܭ͢Δ.
ྫͱͯ͠,ߏ੒Ի͕Ϩ,ι,γͰ͋Ε͹, ʢ1ʣͰ͸·ͣ 2,7,11ͱͳΔ. ࣍ʹʢ2ʣͰ [0 0 1 0
0 0 0 1 0 0 0 1]ͷΑ͏ͳϕΫτϧʹͳΔ. ʢ2ʣͰ֤ϕʔγοΫεϖʔεʹߏ੒ԻͷϨϕ
ϧΛ߹ΘͤΔ. ྫͱͯ͠,ҎԼͷΑ͏ͳ഑ྻʹͳΔ.
• yʢx = I/Gʣ = [0 0 3 0 0 0 0 4 0 0 0 2]
• yʢx = I/Cʣ = [0 0 1 0 0 0 0 3 0 0 0 1]
ʢ4ʣͰ,ϐονΫϥεຖʹҟͳΔϨϕϧͷࠩΛ߹ܭ͢Δ. ܭࢉࣜ͸ҎԼͱͳΔ.
basicspace(x, y) =
11∑
i=0
|x.basicspace[i]− y.basicspace[i]| (4.1)
͜ͷ߹ܭ஋͕ߏ੒Իͱ࿨Իͷྨࣅ౓Λද͠,਺஋͕খ͍͞ఔࣅ͍ͯΔͱ͍͏݁ՌʹͳΔ.
શͯͷௐͱͦͷௐ্ͷ࿨ԻͷϕʔγοΫεϖʔεͱߏ੒ԻΛൺֱ͠,࠷খ஋ΛͱΔ࿨ԻΛ
ީิͱ͢Δ.
(4) ָۂ෼ׂ
ָۂ͸ͦΕࣗମΛ̍ͭͷ·ͱ·Γͱ͍ͯ͠Δ͜ͱ͸গͳ͘ɼ෼ׂͯ͠ߟ͑Δࣄ͕Ͱ͖
Δɽ௨ৗͰ͋Ε͹ɼͻͱͭͷָۂ͸ɼָઅͱΑ͹ΕΔখઅͷ·ͱ·Γʹ෼ׂ͢Δ͜ͱ͕
Ͱ͖Δʢਤ 4.7ʣɽ෼ׂຖʹָۂ͕ऴΘΔ͜ͱ͕ଟ͍ͨΊɼָۂΛ෼ׂ͠ɼͦͷ෼ׂຖʹ
ղੳ͢Δͷ͸༗༻Ͱ͋Δɽ
ఏҊख๏Ͱ͸ 2ͭͷ෼ׂख๏ΛఏҊ͓ͯ͠Γɼ(1)ָઅͰͷ෼ׂɼ(2)ϞνʔϑͰͷ෼
ׂΛબ୒͢Δ͜ͱ͕ग़དྷΔɽ
ָઅͰͷ෼ׂ 2খઅΛಈػɼ4খઅΛখָઅɼ8খઅΛେָઅͱݺͿ͕ɼಛʹɼେָઅ
͸ͦΕࣗମΛͻͱͭͷָۂͱ͢Δ͜ͱ͕Ͱ͖ΔɽͦͷͨΊɼָઅຖͷղੳ͸༗༻Ͱ͋Δɽ
େָઅ͸௨ৗ 8খઅͰߏ੒͞ΕΔͨΊɼ8খઅຖʹ෼ׂͯ͠࿨੠ղੳΛߦ͏͜ͱͰͦΕʹ
ରԠ͢Δɽ·ͨɼෳॎઢ΍൓෮ઢ΋ָۂͷऴΘΓΛ͍ࣔͯ͠ΔɽఏҊख๏Ͱ͸ 8খઅʹ
ຬͨͳͯ͘΋ɼ͜ΕΒͷॎઢ͕ग़ݱͨ͠৔߹෼ׂ͢Δɽ
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ਤ 4.7: ָઅͷఆٛ
ϞνʔϑͰͷ෼ׂ Ϟνʔϑͱ͸ɼϝϩσΟΛߏ੒͢Δ࠷খ୯Ґͷ͜ͱͰ͋Δɽָઅ͸
ͦΕࣗମΛָۂͱଊ͑Δ͜ͱ͕ग़དྷΔ͕ɼϞνʔϑ͸ָઅΑΓ΋ߋʹ୹͘ɼָۂͷதͰԿ
Β͔ͷϝοηʔδΛͨͩ̍ͭ࣋ͭɽϞνʔϑ͸جຊతʹ͸̎খઅ͔ΒͳΔࣄ͕ଟ͘ɼָ
અಉ༷ʹτχοΫͰऴΘΔ͜ͱ͕ଟ͍ɽҎԼͷΞϧΰϦζϜͰ෼ׂ͢ΔɽNΛָۂͷখ
અ਺ɼnΛখઅɼMΛָۂͷഥઅ਺ͱ͠ɼC(n,M)Λখઅ nɼഥઅMͷ࿨ԻީิΛٻΊ
Δؔ਺ͱ͢ΔɽPruning(i, n)͸খઅ i͔Β nͷখઅΛ੾Γग़ؔ͢਺Ͱ͋Δɽ
Algorithm 1 Ϟνʔϑ෼ׂΞϧΰϦζϜ
n⇐ 1
while n <= N do
if N%2 = 0 AND C(n,M) = Tonic then
i = n
while k < i do
if C(i,M) = Dominant then
Pruning(i, n)
k = n
end if
i = i− 1
end while
end if
n = n+ 2
end while
(5) ࿨੠ߜΓࠐΈ
࿨੠ߜΓࠐΈͰ͸ɼٻ·ͬͨ࿨Իީิ͔Β࠷దͳ࿨੠ΛٻΊΔɽ࿨੠ΛٻΊΔࡍɼָ
ۂ෼ׂຖʹ࿨ԻީิάϥϑΛੜ੒͠ɼάϥϑ୳ࡧΛ༻͍Δɽ࿨Իީิάϥϑͱ͸ɼԻ۠
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ؒΛ࣌ܥྻͱ͠,࿨ԻީิΛϊʔυͱͨ͠άϥϑͷ͜ͱͰ͋Δʢਤ 4.8ʣ. ͜ͷάϥϑΛ୳
ࡧ͢Δ͜ͱʹΑΓɼ࠷దͳ࿨੠ΛٻΊΔɽ͜͜Ͱɼ࿨ԻΛٻΊΔࡍͷભҠίετͱͯ͠,
TPSʹΑΔ࿨Իؒڑ཭ΛԠ༻͠,;͞Θ͍͠࿨ԻΛٻΊΔ.
ਤ 4.8: ࿨Իީิάϥϑ
ఏҊख๏Ͱ͸ (1)࿨Իީิάϥϑͷ୳ࡧख๏ɼ(2)࿨Իީิάϥϑͷ୳ࡧํ޲ɼ(3)࿨Ի
ީิάϥϑͷઌ಄ɼ຤ඌϊʔυͷબ୒Λߦ͏͜ͱ͕Ͱ͖Δɽ
୳ࡧख๏બ୒ ୳ࡧํ๏͸ViterbiΞϧΰϦζϜʹΑΔ୳ࡧͱɼᩦཉ๏ʹΑΔ୳ࡧ͕༻ҙ
͞Ε͓ͯΓɼͲͪΒ͔Λબ୒͢Δ͜ͱ͕Ͱ͖Δɽ
ViterbiΞϧΰϦζϜ ViterbiΞϧΰϦζϜ [27]͸ಈతܭը๏ͷҰछͰ͋Γ, HMMΛ
ϕʔεͱ͠,༩͑ΒΕͨ؍ଌࣄ৅ܥྻʹରͯ͠Մೳੑ͕࠷΋ߴ͍ঢ়ଶભҠܥྻΛܭࢉ͢Δ
ΞϧΰϦζϜͰ͋Δʢਤ 4.9ʣ.
ViterbiΞϧΰϦζϜΛ༻͍Δར఺ͱͯ͠,࠷దͳਐߦΛࢦ਺࣌ؒͰ͸ͳ͘ଟ߲ࣜ࣌ؒ
Ͱղ͚Δͱ͍͏ࣄ͕͋Δ. ΫϥγοΫԻָ͸ϙοϓεͱൺֱ͢Δͱԋ૗͕࣌ؒ௕͘ͳΓ͕
ͪͰ͋Δ. ԋ૗࣌ؒ,ͭ·Γղੳ͢Δഥઅ͕ଟ͍΄Ͳ࿨ԻީิάϥϑͷαΠζ͸େ͖͘ͳ
Δ. ࢦ਺࣌ؒΞϧΰϦζϜͰ࿨ԻީิάϥϑΛղ͘ͱ,αΠζ͕େ͖͚Ε͹େ͖͍΄Ͳܭ
ࢉྔ͕૿େ͢Δ.ViterbiΞϧΰϦζϜ͸࠷ѱͰ΋ଟ߲ࣜ࣌ؒͱղ͘͜ͱ͕ग़དྷΔͷͰ,ඇ
ৗʹޮ཰తͳΞϧΰϦζϜͰ͋Δ.
·ͨ,ָۂશମͷ࠷খίετΛ୧Δܦ࿏ΛٻΊΒΕΔࣄ͕͋Δ. TPS͸ભҠݩͱભҠઌ
ͷ࿨Ի x,yͷΈͰٻΊΒΕ,લޙͷڑ཭ͷΈΛٻΊΔ. ͔͠͠,ָۂͱ͸ 2ͭͷ࿨Իͷલޙ
ؔ܎͚ͩͰ੒Γཱͭ΋ͷͰ͸ͳ͘,࿨੠͸࿈ଓతͳ࿨Իͷ࿈ͳΓͰԻָతͳ಺༰Λ࣋ͭ.
2ͭͷ࿨ԻͷΈߟྀ͢Δͱ,సௐͷҐஔ͕ͣΕΔͱ͍ͬͨ໰୊͕ੜ͡Δ. ViterbiΞϧΰ
ϦζϜͰ͸,ۙ๣ͷ࠷దղͰͳ͘ͱ΋,ָۂ͕ऴΘͬͨ࣌ͷ࠷খίετͷܦ࿏Λग़ྗ͢Δ.
ͭ·Γ TPSͷ,࿨ԻͷલޙͷΈߟྀ͢Δ໰୊఺Λվળ͠,సௐΛى͜Γਏ͘͠,ௐΛ҆ఆ
ͤ͞Δࣄ͕Ͱ͖Δ.
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ਤ 4.9: viterbiΞϧΰϦζϜ
ᩦཉ๏ ᩦཉ๏ͱ͸ɼۙࣅΞϧΰϦζϜͷҰछͰ͋Δʢਤ 4.10ʣɽ௚ۙʹ͓͍ΔධՁͷߴ
͍ղΛॱʹબ୒ͯ͠୳ࡧ͢Δख๏Ͱ͋ΔͨΊɼৗʹ࠷దղΛಘΔ͜ͱ͸೉͍͕͠୯७ͳ
ΞϧΰϦζϜͰ͋ΔͨΊɼଟ͘ͷ໰୊Λଟ߲ࣜ࣌ؒͰղ͚Δͱ͍͏ϝϦοτ͕͋Δɽ
ਤ 4.10: ᩦཉ๏
(6) ୳ࡧํ޲બ୒
ਓ͕ؒ࿨੠෼ੳΛ͢Δࡍɼ͍ͭ΋ॱํ޲͔Βղੳ͢Δ༁Ͱ͸ແ͘ɼٯํ޲͔Βղੳ͢
Δ৔߹΋͋Δɽ࡞ۂख๏ʹ͍ͭͯ΋ɼ࠷ޙ͔Βٯࢉͯ͠ਐߦΛܾΊΔ৔߹͕ଘࡏ͢Δͨ
Ίɼͦͷ৔߹͸ٯํ޲͔Βղੳ͢Δํ͕ྑ͍৔߹͕͋ΔɽఏҊख๏Ͱ͸ɼॱํ޲͚ͩͰ
ͳ͘ٯํ޲͔Βͷղੳ΋ՄೳͰ͋ΓɼָۂʹΑͬͯͲͷํ޲Ͱղੳ͢Δ͔બ୒͢Δ͜ͱ
͕Ͱ͖Δɽ
(7) ઌ಄຤ඌϊʔυબ୒
ఏҊख๏Ͱ͸࿨ԻީิάϥϑΛੜ੒͠ɼάϥϑ୳ࡧΛߦ͏͜ͱʹΑͬͯ࠷దͳ࿨੠Λ
ٻΊΔɽ͔͠͠ͳ͕Βɼ࿨Իީิ͸ෳ਺ݱΕΔͨΊɼߏ੒Ի͔ΒٻΊͨ࿨Իީิ͚ͩͰ
ViterbiΞϧΰϦζϜ΍ᩦཉ๏Ͱάϥϑ୳ࡧΛߦ͏͜ͱ͸ग़དྷͣɼઌ಄ͱ຤ඌʹผͷϊʔ
υΛૠೖ͠ͳ͚Ε͹ͳΒͳ͍ɽ
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ָۂͷ࢝·Γ͸τχοΫͰ͋Δ͜ͱ͕ଟ͘ɼऴΘΓํ͸αϒυϛφϯτͰऴΘΔِऴ
ࢭɼυϛφϯτͰऴΘΔ൒ऴࢭɼτχοΫͰऴΘΔ׬શऴࢭͳͲෳ਺ଘࡏ͢ΔͨΊɼج
ຊతͳߟ͑Ͱ͸ઌ಄ʹ͸τχοΫɼ຤ඌʹ͸ܭࢉίετͷ͔͔Βͳ͍ٳූΛૠೖ͢Δʢਤ
4.11ʣɽ
͔͠͠ͳ͕Βɼྫ֎΋ଘࡏ͢Δɽྫ͑͹ɼυϛφϯτ͔Β࢝·Δָۂ΍ɼِऴࢭͰऴ
ΘΔ͜ͱଟָ͍ۂɼ൒ऴࢭͰऴΘΔ͜ͱ͕ଟָ͍ۂͳͲ͕ଘࡏ͢Δɽͦͷ৔߹͸ɼઌ಄
ϊʔυ͕τχοΫΑΓ΋υϛφϯτͷํ͕ɼ຤ඌϊʔυ͕ٳූͰ͸ͳ͘υϛφϯτ΍τ
χοΫͰ͋Δํ͕ૉ௚ͳਐߦʹͳΓ΍͍͢ɽͦͷͨΊɼશͯͷָۂʹ͓͍ͯಉ༷͡ʹϊʔ
υΛૠೖ͢ΔͷͰ͸ͳ͘ɼָۂʹΑͬͯॊೈʹม͑ΒΕΔ࿮૊Έ͸༗༻Ͱ͋Δɽ
ఏҊख๏Ͱ͸ɼૠೖͰ͖Δϊʔυͱͯ͠τχοΫɼυϛφϯτɼٳූΛ༻ҙ͠ɼઌ಄ɼ
຤ඌʹͲͷλΠϓͷϊʔυΛૠೖ͢Δͷ͔Ϣʔβʔࣗ਎͕બ୒ग़དྷΔɽ
ਤ 4.11: ָઅຖͷ࿨Իީิάϥϑ෼ׂ
4.4.2 MusicXMLม׵Ϟδϡʔϧ
MusicXMLม׵ϞδϡʔϧͰ͸ɼղੳϞδϡʔϧʹΑͬͯಘΒΕͨ݁ՌΛMusicXML
ʹ൓өͤ͞ΔϞδϡʔϧͰ͋ΔɽղੳϞδϡʔϧͷڧഥऑഥύϥϝʔλɼ࿨Իީิɼָۂ
ͷ෼ׂɼ࿨੠ͷ̐ͭͷϞδϡʔϧΛ൓өͤ͞Δ͜ͱ͕Ͱ͖ΔɽMusicXMLม׵Ϟδϡʔ
ϧʹΑͬͯग़ྗ͞ΕͨMusicXML͸ɼָۂΤσΟλͳͲͰѻ͏͜ͱ΋Ͱ͖Δɽ
(1) ڧഥɾऑഥม׵Ϟδϡʔϧ
ڧഥɾऑഥMusicXMLม׵ϞδϡʔϧͰ͸ɼڧഥɼऑഥύϥϝʔλʹΑͬͯٻΊΒΕ
ͨ࿨੠ڧ౓ΛMusicXMLʹ൓өͤ͞Δɽڧഥͱ൑அ͞ΕͨԻූʹ͸Ϟϧσϯτɼऑഥͱ
൑அ͞ΕͨԻූʹ͸ιεςψʔτΛ෇༩͢Δ͜ͱʹΑͬͯڧഥɼऑഥΛදݱ͢Δɽ
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(2) ࿨Իީิม׵Ϟδϡʔϧ
࿨ԻީิMusicXMLม׵ϞδϡʔϧͰ͸ɼ࿨ԻީิྻڍϞδϡʔϧʹΑͬͯಘΒΕͨ
࿨ԻީิΛMusicXMLʹ൓өͤ͞Δɽ͜ΕʹΑΓɼ֤ഥઅຖͰߟ͑ΒΕΔ࿨ԻީิΛ஌
Δ͜ͱ͕Ͱ͖Δɽ࿨Իͷදࣔܗࣜ͸ౡԬΒ͕ఏҊͨ͠࿨Իͷܗࣜʹ४ͣΔʢҎ߱ɼʮౡԬ
ࣜʯͱ͍͏ʣɽௐͱԻ౓ΛηϛίϩϯͰ෼͚ͨදهํ๏ͰɼௐΛӳࣈɼԻ౓ΛΪϦγϟจ
ࣈͰදه͢Δɽ·ͨɼ௕ௐΛେจࣈɼ୹ௐΛখจࣈͰදݱ͢Δɽ
(3) ָۂ෼ׂม׵Ϟδϡʔϧ
ָۂ෼ׂMusicXMLม׵ϞδϡʔϧͰ͸ɼָۂ෼ׂϞδϡʔϧʹΑͬͯ෼ׂ͞Εָͨઅ
൪߸ΛMusicXMLʹ൓өͤ͞Δɽ͜ΕʹΑΓɼϢʔβʔ͸ͲͷখઅͰָۂ͕۠੾ΒΕͯ
͍Δͷ͔Λ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɽදهํ๏͸ʮPeriod:ରԠ͢Δָઅ൪߸ʯͰදه͢Δɽ
(4) ࿨੠ม׵Ϟδϡʔϧ
࿨੠ MusicXMLม׵ϞδϡʔϧͰ͸ɼղੳϞδϡʔϧʹΑͬͯٻ·ͬͨ࿨੠ਐߦΛ
MusicXMLʹ൓өͤ͞Δɽ͜ΕʹΑΓɼഥઅ͝ͱͷ࿨੠Λָේͱซͤͯ֬ೝ͢Δ͜ͱ͕
ग़དྷΔɽ
4.4.3 ฤूϞδϡʔϧ
ฤूϞδϡʔϧ͸ɼղੳϞδϡʔϧʹΑͬͯಘΒΕͨ݁ՌΛϢʔβʔ͕ૢ࡞͢ΔϞδϡʔ
ϧͰ͋ΔɽطଘݚڀͰ͸ɼશͯܭࢉػʹΑͬͯٻΊ͍͕ͯͨɼఏҊख๏Ͱ͸͋Δఔ౓ͷ
ฤू࡞ۀΛڐ͍ͯ͠ΔɽͦΕʹΑΓɼطଘݚڀͰ͸ग़ྗ͕̍ύλʔϯͷΈͰ͋ͬͨ͜ͱ
ʹରͯ͠ɼఏҊख๏Ͱ͸࿨੠ղੳͷਫ਼౓ΛϢʔβʔʹΑͬͯߴΊΒΕΔɼϢʔβʔͷٻ
ΊΔ࿨੠ղੳ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ
ฤूϞδϡʔϧͰ͸࿨Իީิɼָۂ෼ׂɼ࿨੠Λख௚͢͠Δ͜ͱ͕Ͱ͖Δɽ
(1) ࿨ԻީิฤूϞδϡʔϧ
࿨ԻީิฤूϞδϡʔϧͰ͸ɼϢʔβʔࣗ਎͕࿨ԻީิΛૢ࡞Ͱ͖ΔɽฤूͰ͖Δػ
ೳͱͯ͠ɼ࿨Իީิͷ࡟আɼૠೖ͕͋Δɽฤू͢Δখઅɼഥઅɼௐɼ࿨ԻΛࢦఆ͢Δ͜
ͱʹΑͬͯ࿨Իީิͷฤू͕ՄೳʹͳΔɽ
(2) ָۂ෼ׂฤूϞδϡʔϧ
ָۂ෼ׂฤूϞδϡʔϧͰ͸ɼָۂͷ෼ׂΛ௥Ճɾ࡟আ͢Δ͜ͱ͕Ͱ͖Δɽ
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(3) ࿨੠ฤूϞδϡʔϧ
࿨੠ฤूϞδϡʔϧͰ͸ɼ࿨੠Λߋ৽͢Δ͜ͱ͕Ͱ͖Δɽ೚ҙͷখઅɼഥઅʹ࿨ԻΛ
ࢦఆ͢Δ͜ͱʹΑͬͯɼͦͷഥઅͷ࿨Ի͕ߋ৽͞ΕΔɽ
4.4.4 ධՁϞδϡʔϧ
ධՁϞδϡʔϧ͸ɼղੳϞδϡʔϧʹ͓͍ͯ࢖༻͞ΕΔܭࢉࣜʹύϥϝʔλΛ෇༩͢
ΔϞδϡʔϧͰ͋ΔɽڧഥɾऑഥͷධՁϞδϡʔϧɼऑഥʹ͔͚ΔڧഥͷӨڹ஋Λఆٛ
͢ΔධՁϞδϡʔϧɼ࿨Իؒڑ཭ܭࢉࣜͷௐ༏ઌ౓ɼ࿨Ի༏ઌ౓Λఆٛ͢ΔTPS࿨Իؒ
ڑ཭ධՁϞδϡʔϧ͕͋Δɽ͜ͷϞδϡʔϧͷύϥϝʔλΛௐઅ͢Δ͜ͱʹΑͬͯɽڧ
ഥΛΑΓڧௐͨ͠ղੳ΍ௐΛΑΓҙࣝͨ͠ղੳΛ࣮ݱ͢Δ͜ͱ͕Ͱ͖Δɽ
(1) ڧഥɾऑഥධՁϞδϡʔϧ
ఏҊख๏Ͱ͸ԻූͷڧഥɼऑഥΛೝࣝ͠ɼऑഥʹ౰ͨΔԻූΛඇ࿨੠Իɼڧഥʹ౰ͨ
ΔԻූΛ࿨੠Իͱͯ͠ѻ͏ɽ͔͠͠ɼऑഥʹݱΕΔԻූ͸શ͘ແࢹ͞ΕΔԻූͱ͍͏Θ
͚Ͱ͸ͳ͘ɼ࿨੠Իͱͯ͠ೝࣝ͞ΕΔ͜ͱ΋ଘࡏ͢Δɽྫ͑͹ɼڧഥͷ࿨੠΁ͷӨڹ౓
Λ 1ͱ͢Δͱɼऑഥ͸ 0.5͘Β͍ͷӨڹྗ͕͋Δ৔߹͕ଘࡏ͢Δɽ·ͨɼऑഥʹ࿨੠Ի͕
ݱΕΔָۂ΋ଘࡏ͢Δɽ
ධՁϞδϡʔϧͰ͸ɼڧഥɼऑഥͦΕͧΕͷ࿨੠ڧ౓Λύϥϝʔλͱͯ͠෇༩͢Δ͜
ͱ͕Ͱ͖Δɽ෇༩͢Δ͜ͱ͕Ͱ͖Δύϥϝʔλ͸ҎԼͷ 3ͭͰ͋ΔɽͦΕͧΕ 0͔Β 1ͷ
ൣғͰࢦఆ͢Δ͜ͱ͕Ͱ͖Δɽ͜ΕʹΑΓɼϢʔβʔࣗ਎͕͋Δఔ౓ڧഥɼऑഥͷӨڹ
౓ΛఆΊΔ͜ͱ͕Ͱ͖Δɽ
1. ڧഥ෦෼ͷԻූͷ࿨੠΁ͷӨڹ౓
2. ऑഥ෦෼ͷԻූͷ࿨੠΁ͷӨڹ౓
3. ڧഥʹ͋ͨΔഥઅ͔Βɼऑഥʹ͋ͨΔഥઅ΁ͷӨڹ౓
(2) TPS࿨Իؒڑ཭ධՁϞδϡʔϧ
TPS࿨Իؒڑ཭ධՁϞδϡʔϧͰ͸ɼ2.2.1અʹͯهड़ͨ͠࿨Իؒڑ཭ܭࢉࣜ (ࣜ 2.1)
ͷؔ܎ௐͷࣜʹ͓͚Δ region(x, y)ͱ chord(x, y)ʹύϥϝʔλΛࢦఆ͢Δ͜ͱ͕Ͱ͖Δɽ
ௐ༏ઌ౓ΛWregionɼ࿨Ի༏ઌ౓ΛWchordͱ͠ɼ࿨Իؒڑ཭ܭࢉࣜΛҎԼͷࣜʹมܗ͢Δɽ
Wregionͷ਺஋͕େ͖͚Ε͹ΑΓௐ͕༏ઌ͞Εɼసௐ͠ʹ͘͘ͳΔɽWchordͷ਺஋͕େ͖
͚Ε͹ΑΓεέʔϧ͕༏ઌ͞ΕɼௐΑΓ΋Χσϯπύλʔϯ͕༏ઌ͞ΕΔɽ
δ(x, y) = Wregion ∗ region(x, y) +Wchord ∗ chord(x, y) (4.2)
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4.5 ՄࢹԽΠϯλϑΣʔε
ՄࢹԽΠϯλϑΣʔε͸Ϗϡʔͷ෦෼ʹ͋ͨΔɽఏҊख๏͸WebΞϓϦέʔγϣϯͱ
ͯ͠ఆٛͨͨ͠ΊɼhtmlͰϏϡʔΛهड़͢Δɽ͜ΕʹΑΓɼΤϯυϢʔβʔ͕݁ՌΛݟ
ͳ͕Βฤू࡞ۀΛߦͬͨΓɼԋ૗ΛߦͬͨΓ͢Δ͜ͱ͕ՄೳʹͳΔɽ໾ׂͱͯ͠͸ҎԼ
͕͋Δɽ
• ॲཧͨ͠MusicXMLΛϨϯμϦϯά͢Δ
• ղੳϞδϡʔϧͷύϥϝʔλΛղੳΞϓϦέʔγϣϯʹҾ͖౉͢
• ֤ղੳϞδϡʔϧʹରԠͨ͠ϖʔδϯάΛߦͳ͏ɽ
MusicXML΁ͷϨϯμϦϯά͸ɼMusicXMLΛHTML্ʹϨϯμϦϯά͢Δ JavaScript
ΤϯδϯͰ͋ΔOpenSheetMusicDisplay[28]Λ༻͍ͯߦ͏ɽ
(1) ָۂೖྗը໘
ָۂೖྗը໘Ͱ͸ɼMusicXMLϑΝΠϧΛೖྗ͢Δ͜ͱ͕Ͱ͖Δʢਤ 4.12ʣɽϑΝΠ
ϧબ୒ϘοΫεʹΑΓɼೖྗ͢ΔϑΝΠϧΛࢦఆ͢Δ͜ͱ͕ग़དྷΔʢ4.13ʣɽ
ਤ 4.12: ָۂೖྗը໘
(2) ڧഥɾऑഥύϥϝʔλը໘
ָۂΛೖྗ͢Δͱڧഥɾऑഥύϥϝʔλը໘ʹભҠ͢Δʢਤ 4.14ʣɽղੳϞδϡʔϧͰ
ඞཁͳڧഥ஋ɼऑഥ஋ɼӨڹ஋ΛςΩετϘοΫε಺ʹೖྗ͠ɼղੳΞϓϦέʔγϣϯ
ʹ౉͢ɽ͜ΕʹΑΓɼղੳΞϓϦέʔγϣϯ͸ڧഥɾऑഥϞδϡʔϧͱMusicXMLม׵
ϞδϡʔϧΛ࣮ߦ͠ɼڧഥɾऑഥॲཧ͕෇༩͞ΕͨMusicXMLΛड͚औΓɼϏϡʔʹද
ࣔ͢Δʢਤ 4.15ʣɽ
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ਤ 4.13: ϑΝΠϧબ୒
ਤ 4.14: ϑΝΠϧબ୒
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ਤ 4.15: ڧഥɾऑഥΛϏϡʔϫʔͰදࣔͤͨ͞ྫ
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(3) ࿨Իީิྻڍը໘
࿨Իީิྻڍը໘Ͱ͸ɼ࿨Իީิྻڍ๏ͷબ୒ͱɼฤू࡞ۀ༻ͷը໘͕·ͣදࣔ͞ΕΔ
ʢਤ 4.16ʣɽ࿨ԻީิྻڍͷϘλϯΛԡ͢͜ͱͰɼྻڍ๏͕ղੳΞϓϦέʔγϣϯʹ౉͞
Εɼ࿨ԻީิྻڍͷղੳϞδϡʔϧͱMusicXMLม׵Ϟδϡʔϧ͕࣮ߦ͞ΕΔɽͦͯ͠ɼ
࿨Իީิ৘ใ͕෇༩͞ΕͨMusicXMLΛड͚औΓɼϏϡʔͰදࣔΛߦͳ͏ʢਤ 4.17ʣɽ
͞ΒʹฤूͰ͸ɼ࿨Իީิૠೖͱ࡟আΛߦͳ͏͜ͱ͕Ͱ͖Δɽྫͱͯ͠ɼਤ 4.17ͷ࿨
Իީิʹରͯ͠ฤूΛߦ͏ɽ1খઅ໨ɼ1ഥ໨ʹ d♯:IΛ௥Ճ͢Δͱɼਤ 4.18ͷΑ͏ʹରԠ
͢Δഥઅʹ࿨Իީิ͕௥Ճ͞ΕΔɽ1খઅ໨ɼ1ഥ໨ͷC:IΛ࡟আ͢Δͱɼਤ 4.19ͷΑ͏
ʹରԠ͢Δഥઅͷ࿨Իީิ͕࡟আ͞ΕΔɽ
ਤ 4.16: ฤू࡞ۀલͷ࿨Իީิ
(4) ָۂ෼ׂը໘
ָۂ෼ׂը໘Ͱ͸ɼָۂͷ෼ׂख๏Λࢦఆ͠ɼղੳϞδϡʔϧʹ౉͢͜ͱʹΑΓɼղ
ੳϞδϡʔϧ͕࿨ԻީิάϥϑΛੜ੒͢Δ͜ͱ͕Ͱ͖Δʢਤ 4.21ʣɽ·ͨɼಘΒΕͨάϥ
ϑ৘ใΛMusicXMLʹม׵͠ɼϏϡʔͰදࣔ͢Δʢਤ 4.22ʣɽ
·ͨฤू࡞ۀ΋ϏϡʔʹΑͬͯߦͳ͏͜ͱ͕Ͱ͖ɼྫ͑͹ਤ 4.22ͷ 3খઅ໨ʹ෼ׂΛ
ૠೖ͢Δͱɼਤ 4.20ͷΑ͏ʹɼ3খઅ໨ʹ Period͕૿͍͑ͯΔ͜ͱ͕෼͔Δɽ
(5) ࿨੠ߜࠐը໘
࿨੠ߜࠐը໘Ͱ͸ɼ࿨Իީิάϥϑͷ୳ࡧํ๏ɼTonalPitchSpaceͷύϥϝʔλΛղੳ
ΞϓϦέʔγϣϯʹ౉͢ʢਤ 4.23ʣɽ͜ΕʹΑΓղੳΞϓϦέʔγϣϯ͕ରԠ͢Δ࿨੠ղ
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ਤ 4.17: ฤू࡞ۀલͷ࿨Իީิ
ਤ 4.18: ࿨Իީิ d♯:IΛૠೖͨ͠ྫ
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ਤ 4.19: ࿨ԻީิC:IΛ࡟আޙͷ࿨Իީิ
ਤ 4.20: 3খઅ໨ʹ෼ׂΛૠೖͨ͠ྫ
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ਤ 4.21: ָۂ෼ׂը໘
ੳϞδϡʔϧͱMusicXMLม׵ϞδϡʔϧΛ࣮ߦ͠ɼಘΒΕͨMusicXMLΛϏϡʔͰද
ࣔ͢Δɽ·ͨฤू࡞ۀʹ΋ରԠ͓ͯ͠Γɼਤ 4.24ʹ֤ഥઅຖͷ࿨੠͕ࣔ͞Ε͍ͯΔ͕ɼ1
খઅ໨ͷ 1ഥ໨ΛG:Iʹߋ৽ͨ͠ྫ͕ਤ 4.25ʹࣔ͞Ε͍ͯΔɽ
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ਤ 4.22: ָۂͷ෼ׂΛϏϡʔϫʔͰදࣔͤͨ͞ྫ
44
ਤ 4.23: ࿨੠ߜࠐը໘
ਤ 4.24: ฤू࡞ۀલͷ࿨੠ਐߦ
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ਤ 4.25: ࿨੠Λߋ৽ָͨ͠ۂͷྫ
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ୈ5ষ MusicXMLʹجͮ͘ϑϨʔϜ
ϫʔΫͷ࣮૷
ຊষͰ͸ɼ4ষʹͯఏҊͨ͠࿨੠ղੳϑϨʔϜϫʔΫͷ࣮૷ʹ͍ͭͯड़΂Δɽ࿨੠ղੳ
ϑϨʔϜϫʔΫ͸ָۂͷ৘ใΛऔಘ͠ɼϨϯμϦϯάΛߦ͏ͨΊͷσʔλιʔεͰ͋Δ
MusicXMLͱɼ࿨੠ղੳ৘ใΛ֨ೲ͢ΔͨΊʹզʑ͕ఆٛͨ͠ExtendedMusicXMLΛ༻
͍Δʢਤ 5.1ʣɽExtendedMusicXMLͷৄࡉʹ͍ͭͯ͸ɼ෇࿥AͷExtendedMusicXML
ͷεΩʔϚྫιʔείʔυA.1Λࢀর͞Ε͍ͨɽ
ExtendedMusicXML͸࿨੠ղੳҎ֎ͷָۂղੳʹ΋Ԡ༻͕ग़དྷΔཁૉΛ·ͱΊͨmet-
ricɼ࿨੠ղੳͷͨΊͷཁૉΛ·ͱΊͨprogressionʹେ͖͘෼͔ΕΔɽੜ੒͞ΕͨExtend-
edMusicXMLͷྫΛҎԼʹࣔ͠ɼද 5.1ʹཁૉmetric಺ʹੜ੒͞ΕΔཁૉɼද 5.2ʹཁ
ૉ progression಺ʹੜ੒͞ΕΔཁૉʹ͍ͭͯهड़͢Δɽ
metric͸ओʹָۂ৘ใʹ͍ͭͯهड़͢Δɽmeasure಺ʹੜ੒͞ΕɼഥઅΛ୯Ґͱͯ͠
ഥઅຖͷߏ੒Իʹ͍ͭͯͷ৘ใ͕औಘͰ͖Δɽmetricͷଐੑ number͕ഥઅ൪߸ʹͳͬͯ
͍Δɽ
progression͸࿨੠ղੳͷͨΊͷ৘ใ͕هड़͞ΕΔɽԠ༻ݚڀ΍ผͷ࿨੠ղੳΞϧΰϦζ
ϜΛ࣮૷Ͱ͖ΔΑ͏ʹ࿨Իީิάϥϑͱ͍ͬͨதؒ݁Ռ΋هड़͢Δɽഥઅຖʹprogression
͕ੜ੒͞ΕɼnumberͰഥઅ൪߸͕ࢀরͰ͖Δɽ
ද 5.1: ָۂղੳͷͨΊͷ ExtendedMusicXMLͷཁૉ
ཁૉ໊ ֓ཁ
metric ഥઅʢղੳ୯ҐʣΛࣔ͢ཁૉ
constitution ഥઅ಺ͷߏ੒ԻΛ·ͱΊΔཁૉ
component ഥઅ಺ͷߏ੒ԻΛද͢ཁૉ
pitch ഥઅ಺ͰൃԻ͞Ε͍ͯΔԻ໊Λද͢ཁૉ
period ָઅ൪߸Λࣔ͢ཁૉ
ද 5.2: ࿨੠ղੳʹ͓͚Δ ExtendedMusicXMLͷཁૉ
ཁૉ໊ ֓ཁ
progression ഥઅຖͷ࿨੠Λද͢ཁૉ
candidates ࿨ԻީิΛ·ͱΊΔཁૉ
candidate ࿨ԻީิΛද͢ཁૉ
harmony ࿨੠Λද͢ཁૉ
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ਤ 5.1: ExtendedMusicXMLͷྫ
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5.1 ղੳϞδϡʔϧʹΑΔExtendedMusicXMLੜ੒
ղੳϞδϡʔϧͰ͸ɼओʹMusicXMLΛೖྗͱ͠ɽԿΒ͔ͷղੳ݁ՌΛExtendedMu-
sicXMLʹهड़Λߦ͏ɽ
5.1.1 ߏ੒ԻͷExtendedMusicXMLදݱ
MusicXMLʹ͸ durationͱݺ͹ΕΔಠࣗͷ͕࣌ؒ࣠ଘࡏ͢ΔɽطଘݚڀͰ͸ͦͷ du-
ration͔Βഥઅຖͷߏ੒ԻΛٻΊ͍ͯͨɽ͔͠͠ͳ͕ΒɼdurationΛ࢖ͬͯղੳͨ͠৔
߹ɼઌड़ͨ͠௨Γָۂͷߏ଄่͕Εͯ͠·͏ɽ
ຊݚڀͰ͸ɼMusicXMLͷཁૉͰ͋Δ noteΛ௚઀ࢀর͢ΔܗΛऔΔ͜ͱʹΑΓָۂͷ
ߏ଄Λ่ͣ͞ʹߏ੒ԻऩूΛߦͳ͏ (ਤ 5.2)ɽຊ߲Ͱ͸metricΛੜ੒͢ΔͨΊʹඞཁͳ৘
ใͷɼैདྷͷMusicXML΁ͷ֦ுʹ͍ͭͯड़΂Δɽ
ߏ੒ԻऩूͰ͸ɼղੳ୯Ґͱͯ͠෼ׂͨ͠খઅຖͰ໐͍ͬͯΔԻූΛूΊΔͨΊɼ֤
খઅͷ෼ׂ୯ҐΛٻΊΔɽখઅͷ෼ׂ୯Ґʹ͸ഥઅߏ଄Λߟྀ͠ɼഥઅຖͰ෼ׂ͢Ε͹
Α͍ɽద੾ͳഥઅ͸ɼ4෼ͷ 4ഥࢠͷָۂͰ͋Ε͹ 1খઅ͋ͨΓ 4ͭɼ4෼ͷ 3ഥࢠͷָ
ۂͰ͋Ε͹̏ͭͱ͍͏Α͏ʹɼഥࢠه߸Λࢀর͢ΔࣄͰٻΊΒΕΔɽٻΊͨഥઅΛཁૉ
measureͷଐੑͱͯ͠metricalsΛ༻ҙ͠ɺഥઅ਺Λ੔਺஋Ͱهड़͢Δ͜ͱͰɼখઅ͝ͱ
ͷղੳ୯ҐΛऔಘͰ͖Δɽ
ߏ੒Իͷখઅ಺ʹ͓͚ΔҐஔ෇͚ͱ͸ɼ͋ΔԻූ͕Ͳͷղੳ۠ؒʹଐ͍ͯ͠Δ͔ͱ͍
͏͜ͱͰ͋Δɽͨͩഥઅ಺ͰൃԻ͞Ε͍ͯΔߏ੒ԻΛ·ͱΊ͚ͨͩͰ͸ɼͦͷԻූ͕ഥ
અ಺ͷͲ͜ͰൃԻ͞Ε͍ͯΔ͔෼͔Βͳ͍ɽcomponentͷଐੑʹɼൃԻ։࢝࣌ؒͱൃԻ
ऴྃ࣌ؒΛදͨ͠ beginͱ endΛهड़͢Δ͜ͱͰɼԻූ͕ൃԻ͞Ε͍ͯΔഥઅΛऔಘͰ͖
Δɽ୯Ґ͸ഥઅͱ͠ɼ4෼ͷ 4ഥࢠͷখઅͰ͋Ε͹ഥઅ਺͸ 4ͳͷͰɼ0.0͔Β 4.0ͷؒͰ
هड़͢ΔɽҎԼͷεςοϓͰٻΊΔɽ
1. Իූͷ௕͞Ͱ͋Δ divisionͱഥࢠه߸Ͱ͋Δ time͔Β 1খઅ͋ͨΓͷ௕͞Λܭࢉ
͢Δ
2. ٻΊͨ௕͞Λղੳ୯ҐͰׂͬͨ΋ͷΛղੳ୯Ґ͋ͨΓͷ௕͞ͱ͢Δ
3. Իූͷ duration͔ΒɼൃԻ։࢝࣌ࠁͱൃԻऴྃ࣌ࠁΛٻΊΔ
4. noteͷ durationλάͷଐੑͱͯ͠ beginɼendʹͦΕͧΕ։࢝࣌ࠁͱऴྃ࣌ࠁΛه
ड़͢Δɽ
ٻΊͨഥઅຖͰൃԻ͞Ε͍ͯΔԻූΛ·ͱΊΔ constitutionΛهड़͢Δɽconstitution
಺ʹ͸ߏ੒ԻͷͻͱͭͻͱͭΛද͢ component͕هड़͞ΕΔɽଐੑͱͯ͠ refͱ beat͕
͋Γɼref͸ noteͱؔ࿈෇͚͞Ε͍ͯΔͨΊɼnoteͷཁૉΛ௚઀औಘͰ͖Δɽ
ഥઅ಺ͰൃԻ͞Ε͍ͯΔߏ੒ԻΛදݱ͢Δ pitchΛهड़͢ΔɽC͔ΒB·ͰͷԻ໊Λࣔ
ͨ͠ཁૉ͕ pitch಺Ͱهड़͞ΕɼͦΕͧΕʹଐੑ pronͱ strength͕͋Δɽpron͸ൃԻΛ
͓ࣔͯ͠ΓɼൃԻ͞Ε͍ͯΕ͹ 1ɼ͞Ε͍ͯͳ͚Ε͹ 0ͱ͍͏දݱͱͳΔɽstrengthͰ͸
࿨੠తڧ౓Λߟྀͨ͠ߏ੒ԻදݱͰ͋Δɽ
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ਤ 5.2: ָۂͷߏ଄Λ่͞ͳ͍ߏ੒Իऩू
5.1.2 ڧഥɾऑഥύϥϝʔλͷExtendedMusicXMLදݱ
খઅ͸ഥʹ෼ׂ͞Εɼͻͱͭͷഥ͸͞Βʹ෼ׂ͞ΕΔɽ෼ׂ͞Εͨഥ͸ͦΕͧΕલޙ
Ͱڧऑͷؔ܎͕Ͱ͖Δɽ1খઅΛ 2ഥʹ෼ׂΛͨ࣌͠͸લ൒͕ڧഥɼޙ൒͸ऑഥͱͳΓɼ
ߋʹ෼ׂ͢Δͱͦͷલ൒ͱޙ൒Ͱڧഥɼऑഥ͕Ͱ͖Δɽڧഥɼऑഥͷग़ݱҐஔʹ͍ͭͯ
͸ৗʹҰఆͰ͋ΔͨΊػցతʹٻΊΒΕΔɽunit-beatʹɼڧഥͰ͋Ε͹”down”ɼऑഥͰ
͋Ε͹”up”ͱදݱ͢Δɽ
ਤ 5.3ʹExtendedMusicXMLදݱͷྫΛࣔ͢ɽmetricͱ componentͷଐੑʹunit-beat
͕͋ΓɼͦΕͧΕഥઅࣗମͷഥͷڧ͞ɼԻූࣗମͷഥͷڧ͞Λ͍ࣔͯ͠Δɽbeat͸ڧഥɼ
ऑഥΛ͓ࣔͯ͠ΓɼఏҊख๏Ͱ͸ղੳ۠ؒΛ෼ׂ͢Δ͜ͱͰɼલ൒Λڧഥɼޙ൒Λऑഥͱ
͓͘ɽmetricͷ unit-beatͱಉ༷ʹڧഥͰ͋Ε͹”down”ɼऑഥͰ͋Ε͹”up”ͱهड़͢Δɽ
ਤ 5.3: ڧഥɾऑഥͷ ExtendedMusicXMLදݱ
5.1.3 ࿨ԻީิͷExtendedMusicXMLදݱ
࿨੠ղੳϑϨʔϜϫʔΫͰ͸ղੳ۠ؒͷߏ੒Իʹର͠࿨ԻީิΛྻڍ͢ΔɽఏҊख๏Ͱ
͸ɼٻΊͨ࿨ԻީิΛMusicXMLʹهड़͢Δɽͦ ͯ͠ɼ࿨ԻީิΛ·ͱΊͨཁૉcandidates
Λهड़͢Δɽଐੑͱͯ͠ repeat͕͋ΓɼԿճ໨ʹ௨͔ͬͨͷ৘ใΛ੔਺஋Ͱදݱ͢Δɽ
candidates಺ʹ࿨Իީิ candidate͕ੜ੒͞ΕΔɽ
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candidate͸ 1ͭͷ࿨ԻΛද͠ɼͻͱͭͻͱͭʹଐੑͱͯ͠ id͕෇༩͞ΕΔɽ͜ͷ idΛ
ࢀর͍ͯ͘͜͠ͱʹΑΓɼ࿨Իީิάϥϑ͕׬੒͢Δɽkey͸ௐΛӳޠදهͰද͠ɼscale
͸Ի౓Λ੔਺஋Ͱද͢ɽ·ͨɼٻΊͨྨࣅ౓Λଐੑ basicspaceʹهड़͢Δɽ
5.1.4 ָۂ෼ׂͷExtendedMusicXMLදݱ
ఏҊख๏Ͱ͸ָۂΛ෼ׂ͠ɼ෼ׂຖʹղੳΛߦ͏ɽ࣮૷ʹ͓͍ͯ͸ɼperiodΛੜ੒͢
Δ͜ͱʹΑΓ෼ׂΛදݱ͢Δɽperiod͸ָઅΛද͢ཁૉͰɼଐੑ numberʹΑΓָઅ൪߸
Λهड़͢Δʢਤ 5.4ʣɽղੳͰ͸ָઅ൪߸Λࢦఆ͢Δ͜ͱͰɼָઅຖͷߏ੒ԻΛऔಘ͢Δɽ
ਤ 5.4: ָઅͷ ExtendedMusicXMLදݱ
5.1.5 ࿨੠ղੳ݁ՌͷExtendedMusicXMLදݱ
࿨੠Λ༻͍ͨղੳʹ΋ରԠ͢ΔͨΊɼMusicXMLʹ࿨੠ղੳͷ݁ՌΛ progression಺ͷ
harmonyʹهड़͢Δɽଐੑͱͯ͠ keyͱ scale͕͋Γɼcandidateʹ͓͚Δ keyɼscaleͱ
ಉ༷ͷهड़ํ๏Ͱ͋Δʢਤ 5.5ʣɽ
ਤ 5.5: ָઅͷ ExtendedMusicXMLදݱ
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5.2 MusicXMLม׵ϞδϡʔϧͷͨΊͷMusicXML֦ு
MusicXMLม׵Ϟδϡʔϧ͸ɼղੳ݁ՌͷϨϯμϦϯάΛߦ͏ϞδϡʔϧͰ͋Δɽຊ
ݚڀͰ͸ExtendedMusicXMLͷ݁ՌΛࢀরͯ͠MusicXML΁ͷϨϯμϦϯάΛߦ͏͕ɼ
ΦʔόʔϨΠ౳͸೉͍ͨ͠ΊɼMusicXMLͷ࢓༷ʹ߹Θͤͯهड़Λߦ͏ɽ
5.2.1 ڧഥɾऑഥͷϨϯμϦϯά
ઌड़ͨ͠௨ΓɼຊݚڀͰ͸ڧഥԻූʹϞϧσϯτɼऑഥԻූʹιεςψʔτΛهड़͢
ΔɽMusicXMLͰఆٛ͞Ε͍ͯΔϞϧσϯτͱιεςψʔτͷه߸Λ༻͍Δ͜ͱͰରԠ
͢Δʢਤ 5.6ɼਤ 5.7ʣɽ
ਤ 5.6: ڧഥͷϨϯμϦϯάྫ
ਤ 5.7: ऑഥͷϨϯμϦϯάྫ
ɹ
5.2.2 ࿨Իީิɾָۂ෼ׂɾ࿨੠ͷϨϯμϦϯά
࿨Իީิɾָۂ෼ׂɾ࿨੠ʹ͍ͭͯ͸ɼ೚ҙͷҐஔʹςΩετΛهड़͢Δ͜ͱͰϨϯ
μϦϯάΛߦ͏ɽMusicXMLͰ͸ɼςΩετΛهड़͢ΔࡍԻූΛද͢ཁૉ noteͱςΩε
τରԠ෇͚͢Δඞཁ͕͋ΔɽςΩετΛૠೖ͍ͨ͠৔߹ɼૠೖ͍ͨ͠ noteཁૉͷ্ʹه
ड़͢Δʢਤ 5.8ʣ
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ਤ 5.8: ࿨ԻީิͷϨϯμϦϯάྫ
5.3 ฤूϞδϡʔϧͷExtendedMusicXMLੜ੒
ฤूϞδϡʔϧ͸ɼϢʔβʔ͕खಈͰ݁ՌΛૢ࡞͢ΔͨΊͷϞδϡʔϧͰ͋Δɽجຊ
తʹ͸ࢦఆ͞ΕͨཁૉΛ೚ҙͷཁૉʹೖΕସ͑Δ͚͕ͩͩɼ࿨Իީิͱָۂ෼ׂʹ͸஫
ҙ͢Δඞཁ͕͋Δɽ
࿨Իީิͷฤूʹ͍ͭͯ͸ɼ࿨Իީิཁૉ candidate͸ଐੑ idΛࢀরͯ͠άϥϑΛੜ
੒͢ΔͨΊɼ৽ͨʹૠೖ͢Δࡍద౰ͳ idΛৼͬͯ͠·͏ͱਖ਼͘͠ܭࢉ͕ߦΘΕͳ͍Մೳ
ੑ͕͋ΔɽຊݚڀͰ͸৽ͨʹ࿨ԻީิΛૠೖ͢Δࡍɼ઀಄ࣙʹ”ex-”Λ෇͚Δ͜ͱͰ idͷ
ڝ߹Λආ͚Δɽ
ָۂ෼ׂʹ͍ͭͯ͸ɼָઅΛද͢ཁૉ periodΛૠೖɾ࡟আ͠ฤूΛߦ͏͕ɼָઅͷ൪
߸Λ؅ཧ͢Δඞཁ͕͋Δɽ۩ମతʹ͸ɼ࡟আ͢Δ৔߹͸࡟আޙͷָઅ൪߸ΛͭΊɼૠೖ
͢Δ৔߹͸ޙͷָઅ൪߸ΛޙΖʹͣΒ͢ɽ
5.4 ධՁϞδϡʔϧͷExtendedMusicXMLੜ੒
ධՁϞδϡʔϧ͸ɼओʹύϥϝʔλΛࢦఆ͢ΔɽϑϨʔϜϫʔΫͰύϥϝʔλͷ؅ཧ
Λߦ͏ͨΊʹɼຊݚڀͰ͸ rootཁૉͰ͋Δ scoreͷࢠϊʔυʹཁૉ processΛੜ੒͠ɼͦ
ΕͧΕͷύϥϝʔλΛهड़͢Δʢਤ 5.9ʣɽ
ਤ 5.9: ධՁϞδϡʔϧͷXMLදݱ
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ୈ6ষ ࣮ݧ
ຊষͰ͸ఏҊͨ͠࿨੠ղੳϑϨʔϜϫʔΫͷ༗༻ੑΛࣔͨ͢Ίͷ࣮ݧʹ͍ͭͯड़΂Δɽ
େ͖͘෼͚ͯ 3ͭͷධՁ࣮ݧΛߦͬͨɽ1ͭ໨͸࿨੠ղੳϑϨʔϜϫʔΫͷԠ༻࣮ݧͰ͋
Δɽຊֶͷֶੜʹඃݧऀͱ࣮ͯ͠ࡍʹϑϨʔϜϫʔΫΛ࢖༻ͯ͠΋Β͍ɼඃݧऀͷݚڀ
ςʔϚͰ͋ΔྨࣅϑϨʔζύλʔϯͷநग़ΛϑϨʔϜϫʔΫ্Ͱߦͬͨɽ2ͭ໨͸࿨੠ղ
ੳϑϨʔϜϫʔΫͷϨϏϡʔͰ͋Δɽԋ૗ࢧԉͱͯ͠࢖͍΍͍͢ͷ͔ɼ·ͨ։ൃऀ͕ϑ
ϨʔϜϫʔΫΛ༻ָ͍ͯۂղੳΛߦ͑Δͷ͔Ͳ͏͔ΛϨϏϡʔܗࣜͰධՁ͢Δɽ3ͭ໨͸
࿨੠ղੳͷਫ਼౓ධՁͰ͋Δɽ࿨੠ղੳΛਖ਼ղσʔλͱൺֱ͠ɼਫ਼౓ΛٻΊΔ͜ͱʹΑͬ
ͯ࿨੠ղੳΞϧΰϦζϜͷਖ਼౰ੑΛධՁ͢Δɽɹ
6.1 ࿨੠ղੳϑϨʔϜϫʔΫԠ༻࣮ݧ
ຊઅͰ͸࿨੠ղੳϑϨʔϜϫʔΫΛ༻ָ͍ͨۂղੳ΁ͷԠ༻࣮ݧʹ͍ͭͯهड़͢Δɽ
6.1.1 ࿨੠ղੳϑϨʔϜϫʔΫԠ༻࣮ݧͷ໨త
࿨੠ղੳϑϨʔϜϫʔΫΛ༻ָ͍ͯۂղੳΛߦͳ͏͜ͱʹΑΓɼ࿨੠ղੳϑϨʔϜϫʔ
Ϋָ͕ۂղੳʹԠ༻Ͱ͖Δ͜ͱΛࣔ͢ɽ
6.1.2 ࿨੠ղੳϑϨʔϜϫʔΫԠ༻࣮ݧ؀ڥ
ExtendedMusicXMLΛೖྗͱ͠ɼղੳ݁ՌΛXML΁ϨϯμϦϯά͢Δ͜ͱʹΑͬͯɼ
ϑϨʔϜϫʔΫ্Ͱಈ࡞͢ΔྨࣅϑϨʔζநग़Λຊֶͷֶੜ͕ϑϨʔϜϫʔΫΛ༻͍ͯ
ߦͬͨɽ࣮ݧ؀ڥ͸ Python2.7ͱHigh Sierra 10.13.2Λ༻͍ͯߦͬͨɽ
6.1.3 ࿨੠ղੳϑϨʔϜϫʔΫԠ༻࣮ݧ݁Ռ
ਤ 6.1ʹྨࣅϑϨʔζΛநग़͠ɼMusicXMLม׵ϞδϡʔϧʹΑͬͯϨϯμϦϯάͨ͠
݁ՌΛࣔ͢ɽ఺ઢʹΑΔεϥʔ͕ରԠ͢ΔϑϨʔζΛ͍ࣔͯ͠Δɽ
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ਤ 6.1: ྨࣅϑϨʔζநग़ͷMusicXMLม׵Ϟδϡʔϧ݁Ռ
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6.1.4 ࿨੠ղੳϑϨʔϜϫʔΫԠ༻࣮ݧͷධՁͱߟ࡯
զʑ͕ఏҊͨ͠࿨੠ղੳϑϨʔϜϫʔΫΛ༻͍࣮ͯࡍʹָۂղੳΛߦͳ͏͜ͱ͕Ͱ͖
ͨɽߋʹɼ͜ΕΛղੳΫϥεϥΠϒϥϦʹ௥Ճ͢Δ͜ͱʹΑΓɼ࿨੠ղੳҎ֎ͷղੳʹ΋
ରԠͰ͖ɼϑϨʔϜϫʔΫʹղੳϞδϡʔϧΛ௥ՃͰ͖Δ͜ͱ͕෼͔ͬͨɽҎ্ͷ͜ͱ͔
Βɼ࿨੠ղੳϑϨʔϜϫʔΫ͸࿨੠ղੳҎ֎ͷָۂղੳʹ΋ରԠͰ͖Δ͜ͱ͕෼͔ͬͨɽ
6.2 ࿨੠ղੳϑϨʔϜϫʔΫϢʔβʔධՁ
ຊઅͰ͸࿨੠ղੳϑϨʔϜϫʔΫͷϨϏϡʔʹ͍ͭͯهड़͢Δɽ
6.2.1 ϢʔβʔධՁ࣮ݧͷ໨త
࿨੠ղੳϑϨʔϜϫʔΫ͕ɼԻָՈ͕࿨੠෼ੳΛߦͳ͏ͨΊͷิॿʹͳΔ͜ͱɼ·ͨ
ݚڀऀ͕࿨੠ղੳΛ͸͡Ίͱ͢Δָۂղੳʹ͓͍ͯɼ࿨੠ղੳϑϨʔϜϫʔΫΛ༻͍Δ
͜ͱͷϝϦοτ͕͋Δ͜ͱΛࣔ͢ɽ
6.2.2 ϢʔβʔධՁ࣮ݧͷ؀ڥ
ඃݧऀͱͯ͠ԻֶָΛઐ߈͢Δֶੜ 2໊ɼԻָ৘ใֶΛઐ߈͢Δֶੜ 1໊ʹ࣮ࡍʹ࿨
੠ղੳϑϨʔϜϫʔΫΛ࢖༻ͯ͠΋Β͍ɼͦΕͧΕԋ૗ࢧԉɼԠ༻ݚڀʹ༻͍Δ͜ͱ͕
Ͱ͖Δ͔ϨϏϡʔΛͯ͠΋Βͬͨɽ
6.2.3 ΤϯυϢʔβʔධՁ
ΤϯυϢʔβʔධՁʹ͍ͭͯ͸ɼ2໊ͷඃݧऀʹ࿨੠ղੳϑϨʔϜϫʔΫΛ༻͍ͨσϞ
ΞϓϦέʔγϣϯΛ࢖༻ͯ͠΋Β͍ɼ࢖༻ײ΍ϝϦοτͱ͍ͬͨϨϏϡʔΛͯ͠΋Βͬ
ͨɽҎԼʹͦͷϨϏϡʔΛసࡌ͢Δɽ
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ඃݧऀAʢۅ๎ֶԂେֶԻֶָ෦ݚڀੜݭָثઐ߈ʣ✓ ✏
ɹԻָେֶͷֶੜ͕࿨੠ղੳϑϨʔϜϫʔΫΛ࢖͏͜ͱʹ͓͍ͯҰ൪༗༻ͳϙΠϯ
τ͸࿨ԻީิͱͦͷՄࢹԽͷ෦෼Ͱ͋Δɽ௨ৗͰ͋Ε͹ɼԿ΋ແ͍ঢ়ଶ͔Β࿨Իީิ
Λྻڍ͍ͯ͘͠࡞ۀͱͳΓɼ࿨੠෼ੳʹ͸͔ͳΓͷ࣌ؒΛཁ͢Δɽ͔͠͠ͳ͕Βɼϑ
ϨʔϜϫʔΫΛར༻͢Δ͜ͱʹΑͬͯɼ࿨Իީิ͕ࣗಈతʹྻڍ͞ΕΔ͜ͱʹͳΔɽ
͜ΕʹΑΓɼԿ΋ͳ͍ঢ়ଶ͔ΒͰ͸ͳ͘ɼ࠷ॳ͔Βީิ͕༩͑ΒΕͨঢ়ଶ͔Βͷमਖ਼
࡞ۀͱͳΔͨΊɼ࿨੠෼ੳͷ୹ॖʹͭͳ͕Δɽ
ɹ͞ΒʹɼڧഥɾऑഥͷఆྔԽ΍ɼղੳॱΛϢʔβʔࣗ਎͕ॊೈʹมߋͰ͖Δ఺΋ྑ
͍ɽָۂ෼ੳʹ͓͍ͯ͸ɼਓʹΑͬͯղੳॱ΍ഥʹର͢Δߟ͑ํ͕ҟͳΓɼ࠷ॳʹָ
ۂ෼ׂΛߦ͔ͬͯΒ࿨ԻީิΛྻڍɼͦͷٯͷύλʔϯ΋ଘࡏ͢Δɽ·ͨڧഥ΍ऑഥ
ʹ͍ͭͯ͸ɼͲΕ͘Β͍ߟྀͯ͠࿨੠෼ੳΛߦͳ͏͔ϢʔβʔʹΑ༷ͬͯʑͰ͋Δɽ
ϑϨʔϜϫʔΫͰ͸ͦΕΒʹରԠ͍ͯ͠ΔͨΊɼϢʔβʔࣗ਎ͷ෼ੳํ๏ʹ߹ΘͤΒ
ΕΔͱ͍͏఺ͰศརͰ͋Δɽ
ɹ·ͨ࿨੠ղੳϑϨʔϜϫʔΫͰ͸࿨੠෼ੳͷཧ࿦ʹ͋Δఔ౓Ԋͬͨղੳख๏Ͱ͋Δ
ͨΊɼ࿨੠ͷֶशʹ΋Ԡ༻͢Δ͜ͱ͕Ͱ͖Δɽࢲࣗ਎΋͜Ε·Ͱײ֮Ͱ࿨੠෼ੳΛ͢
Δ͜ͱ͕ଟ͔͕ͬͨɼϑϨʔϜϫʔΫΛ༻͍Δ͜ͱʹΑͬͯ࿨੠ͷཧ࿦ʹԊ͍ͬͯΔ
͔֬ೝͰ͖Δɽ✒ ✑
ඃݧऀBʢۅ๎ֶԂେֶԻֶָ෦࡞ۂઐ߈ʣ✓ ✏
ɹ࿨੠ղੳϑϨʔϜϫʔΫΛ࣮ࡍʹ࢖ͬͯΈͯɼࢲࣗ਎͕ݸਓతʹศརͩͱײͨ͡෦
෼͸ָۂ෼ׂͰ͋Δɽ࿨੠෼ੳΛߦͳ͏ࡍɼָۂΛ੾ͬͯߟ͑Δ͜ͱ͸ॏཁͰ͋Γɼ
੾Δ৔ॴʹΑͬͯ෼ੳ݁Ռ͕ҟͳΔɽ͞ΒʹਓʹΑָͬͯۂͷ෼ׂํ๏͸༷ʑͰ͋Δ
ͨΊɼܭࢉػ͕͋Δఔ౓ָۂΛ੾Γग़ͯ͘͠ΕΔ͜ͱʹՃ͑ͯϢʔβʔࣗ਎͕͞Βʹ
ฤू͢Δ͜ͱ͕Ͱ͖ΔϑϨʔϜϫʔΫ͸༗༻ͳγεςϜͰ͋Δɽ
ɹ·ͨɼ࿨Իީิʹ͍ͭͯ΋ɼԿ΋ͳ͍ͱ͜Ζ͔Β࿨੠ΛৼΔ࡞ۀΑΓ΋બͿ࡞ۀʹ
ͳΔͨΊɼ࿨੠෼ੳͷෛ୲ܰݮʹͭͳ͕Δɽಛʹ௕ָ͍ۂʹͳΔͱ࿨੠ΛৼΔ࡞ۀͩ
͚Ͱ΋͔ͳΓͷ࣌ؒΛཁ͢ΔͨΊɼ͋Δఔ౓ީิΛ୹࣌ؒͰྻڍͰ͖ΔϑϨʔϜϫʔ
Ϋ͸ศརͰ͋Δɽ͞Βʹɼ࿨Իީิ͕ෳ਺ग़ͯ͘ΔͨΊɼงғؾͰ࿨੠ΛܾΊΔͷͰ
͸ͳ͘ɼཱͪࢭ·ͬͯߟ͑ΔΑ͏ʹͳͬͨɽ࿨੠ղੳख๏ʹ͍ͭͯ΋࿨੠෼ੳͷखॱ
ʹԊ͍ͬͯΔͨΊɼجຊʹཱͪฦͬͯ෼ੳͰ͖ΔΑ͏ʹͳͬͨɽ
ɹ࿨੠ͷֶशʹ͍ͭͯ΋༗༻Ͱɼओ؍Ͱ͸ͳ͘٬؍తͳࢹ఺Ͱ࿨੠ͷ݁ՌΛݟΔ͜ͱ
͕Ͱ͖ΔͨΊɼࣗ෼ͷղऍͷ෯Λ޿͛Δ͜ͱ͕Ͱ͖ΔͩΖ͏ɽ✒ ✑
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6.2.4 ։ൃऀධՁʢ๺཮ઌ୺Պֶٕज़େֶ ઌ୺Պֶٕज़ݚڀՊ
ಛผݚڀһʣ
։ൃऀධՁͰ͸ɼԻָ৘ใֶʹਫ਼௨͢Δֶੜ 1໊ʹϑϨʔϜϫʔΫΛ࢖༻ͯ͠΋Β͍ɼ
࢖༻ײ΍Իָ৘ใֶͷݚڀ΁ͷԠ༻ʹ͍ͭͯϨϏϡʔΛͯ͠΋ΒͬͨɽҎԼʹͦͷϨϏϡʔ
Λసࡌ͢Δɽ✓ ✏
ɹࢲ͕࿨੠ղੳϑϨʔϜϫʔΫָ͕ۂղੳʹԠ༻͢Δʹ͋ͨͬͯ༗༻Ͱ͋Δͱߟ͑Δ
ཧ༝Λ 2఺ڍ͛Δɽ
ɹ·ͣ 1఺໨͸ߏ੒Իऩूͱָ͍ͬͨۂղੳڞ௨ͷ࡞ۀΛ༰қʹߦ͑Δ͜ͱͰ͋Δɽ
Իָ৘ใՊֶͷݚڀΛߦͳ͏ʹ͋ͨͬͯɼ·ͣ͸͡Ίʹ΍Δ΂͖͜ͱ͸ָۂσʔλ
͔Βߏ੒ԻΛऔಘ͢Δ͜ͱͰ͋Δɽର৅ϑΥʔϚοτ͸ݚڀ಺༰ʹΑ༷ͬͯʑ͕ͩɼ
MusicXMLʹؔͯ͠͸ߏ੒ԻΛऔಘ͢Δ͜ͱ͸൥Θ͍͠࡞ۀͰ͋ΔɽXMLΛର৅ͱ
ͨ͠ύʔαʔ͸ଘࡏ͢Δ΋ͷͷɼMusicXMLͰͦͷύʔαʔΛͨͩ࢖͏͚ͩͰߏ੒Ի
Λऔಘ͢Δ͜ͱ͸ۃΊͯࠔ೉Ͱ͋Δɽ௨ৗͰ͋Ε͹MusicXML಺ʹଘࡏ͢Δಠࣗͷ
࣌ؒ࣠Λલޙͤ͞ͳ͕Βߏ੒ԻΛऔಘ͍ͯ͘͠ඞཁ͕͋Δ͕ɼ࿨੠ղੳϑϨʔϜϫʔ
ΫΛ༻͍Δ͜ͱʹΑͬͯͦͷ࡞ۀΛ୹ॖ͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼऔಘͨ͠ߏ੒Ի͸
ָේ͔Β෼཭͢Δ͜ͱͳ͘ɼMusicXML΁ͷཁૉ΁ͷϦϯΫ΋هड़͞Ε͍ͯΔͨΊɼ
࿨੠ղੳϑϨʔϜϫʔΫͰऔಘͰ͖ΔཁૉҎ֎ͷཁૉʹ͍ͭͯ΋ඞཁʹԠͯ͡औಘ͢
Δ͜ͱ͕Ͱ͖Δɽ
ɹ 2఺໨͸ɼղੳϞδϡʔϧΛ૊Έସ͑ΒΕΔ͜ͱɼ৽ͨʹࣗ෼ͰఆٛͰ͖Δ͜ͱͰ
͋Δɽ࿨੠ղੳϑϨʔϜϫʔΫ͸࿨੠ղੳΛεςοϓຖʹϞδϡʔϧԽ͠ɼϢʔβʔ
ࣗ਎͕ղੳΛࣗ༝ʹ૊Έସ͑ΒΕΔߏ଄ʹͳ͍ͬͯΔɽϞδϡʔϧ͸ͦΕͧΕ͕ಠཱ
͓ͯ͠Γɼೖग़ྗ͕XMLͱͳ͍ͬͯΔͨΊɼղੳͷॱ൪ͱ੍͍ͬͨ໿ʹറΒΕΔ͜
ͱ͕ͳ͍ɽͦͯ͠ɼϢʔβʔ͸Ϟδϡʔϧ୯ҐͰมߋΛՃ͑Δ͚ͩͰɼࣗ෼͕๬ΉΞ
ϧΰϦζϜΛ࣮ݱ͠΍͘͢ͳ͍ͬͯΔɽ
ɹҎ্ʹΑΓɼmusicXMLͷσδλϧԻָ৘ใ͕༰қʹ࢖༻Ͱ͖ɼ࿨੠ղੳΛ͸͡Ί
ͱ͢ΔָۂղੳͷγεςϜߏங΋༰қʹͳΔɽຊϑϨʔϜϫʔΫΛ࢖༻͢Δ͜ͱͰɼ
Իָ৘ใՊֶͷݚڀͷෑډ͕௿͘ͳΔ͜ͱ͕ظ଴Ͱ͖Δɽ✒ ✑
6.2.5 ϢʔβʔධՁ࣮ݧͷධՁͱߟ࡯
ຊϑϨʔϜϫʔΫͷϨϏϡʔ͔Βɼԋ૗ऀɼ։ൃऀͲͪΒʹରͯ͠΋༗༻ͳγεςϜ
Ͱ͋Δ͜ͱ͕෼͔ͬͨɽ
ԻָΛઐ߈ͱ͢Δԋ૗ऀ޲͚ͷԋ૗ࢧԉʹ͍ͭͯ͸ಛʹ࿨Իީิͷྻڍ͕༗༻Ͱ͋Δ
͜ͱ͕ڍ͛ΒΕɼ࿨੠෇༩ͷ࣌ؒ୹ॖ͢Δ͚ͩͰͳ͘ɼ٬؍తͳࢹ఺Ͱ࿨੠ΛݟΔ͜ͱ
͕Ͱ͖ΔͨΊʹΫΦϦςΟͷ޲্ʹ΋ͭͳ͕Δ͜ͱ͕෼͔ͬͨɽߋʹಠཱͨ͠Ϟδϡʔ
ϧͰ࣮૷ͨ͜͠ͱʹΑΓɼϢʔβʔࣗ਎͕ղੳͷखॱ΍ύϥϝʔλΛબ୒͢Δ͜ͱ͕Ͱ
͖Δॊೈੑ΋༗༻Ͱ͋Δ͜ͱ͕෼͔ͬͨɽ
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͔͠͠ͳ͕Βɼฤू࡞ۀʹ͓͍ͯɼฤूϞδϡʔϧʹ͓͚Δमਖ਼࡞ۀ͸͕͔͔࣌ؒΔ
͜ͱ͕໰୊఺ͱͯ͋͛͠ΒΕΔɽಛʹ࿨Իީิͷฤू࡞ۀ͸ഥઅຖͷ࿨ԻΛɼ1ͭͣͭ࿨
Ի໊Λࢦఆͯ͠࡟আɾૠೖ͍͔ͯ͠ͳ͚Ε͹ͳΒͳ͍ͨΊɼݱঢ়Ͱ͸ฤूϞδϡʔϧ͸
࢖͍ਏ͍Ϟδϡʔϧͱͳ͍ͬͯΔɽ࿨ԻީิΛ·ͱΊͯফڈͨ͠ΓҰҙʹܾΊͨΓͰ͖
Δ༷ͳϞδϡʔϧ͕ඞཁͰ͋Δͱߟ͑ΒΕΔɽ
Ԡ༻ݚڀΛ໨తͱ͢Δ։ൃऀࢧԉʹ͍ͭͯ͸ɼϑϨʔϜϫʔΫΛϕʔεͱ͢Δ͜ͱʹ
Αͬͯɼָۂղੳʹ͓͍ͯڞ௨ͱͳΔ࡞ۀͰ͋Δߏ੒Իऩू΍ָۂ෼ׂΛࣗಈԽͰ͖Δɽ
ϞδϡʔϧΛࣗ༝ʹࢦఆ͠૊Έସ͑ΒΕΔ఺ʹ͍ͭͯ΋ɼϢʔβʔࣗ਎͕ߟ͑ΒΕͨΞ
ϧΰϦζϜΛ༰қʹ࣮૷Ͱ͖ΔͨΊ༗༻Ͱ͋Δ͜ͱ͕෼͔ͬͨɽͦΕʹΑΓԻָ৘ใՊ
ֶͷݚڀʹ͓͍ͯ༗༻ͳγεςϜͰ͋Δ͜ͱ͕෼͔ͬͨɽ
͔͠͠ͳ͕Βɼ·ͩࡉ͔͘෼ׂ͠੾Ε͍ͯͳ͍෦෼΋ଘࡏ͢Δɽྫ͑͹࿨Իީิڑ཭
ܭࢉࣜʹ͓͍ͯ͸TPSͷ࿨Իؒڑ཭ܭࢉࣜҎ֎Λࢦఆ͢Δ͜ͱ͕Ͱ͖ͣɼผͷܭࢉࣜʹ
มߋͰ͖ΔΑ͏ͳ࿮૊Έ͸ଘࡏ͠ͳ͍ɽΑΓϢʔβʔ͕ࡉ͔͘࿨੠ղੳͷύϥϝʔλ΍
ϞδϡʔϧΛઃఆग़དྷΔΑ͏ʹߋʹϞδϡʔϧΛࡉ͔͘෼ׂ͍ͯ͘͠ඞཁ͕͋Δɽ
6.3 ࿨੠ղੳਫ਼౓ධՁ
࿨੠ղੳख๏ͷධՁͱͯ͠ɼਓखʹΑΔ࿨੠෼ੳΛਖ਼ղσʔλͱͨ͠ਫ਼౓ܭࢉΛߦ͏ɽ
6.3.1 ࿨੠ղੳਫ਼౓ධՁ࣮ݧͷ໨త
࿨੠ղੳϑϨʔϜϫʔΫʹ͓͚ΔղੳΞϧΰϦζϜ͕༗༻Ͱ͋Δ͜ͱΛࣔ͢ɽ
6.3.2 ࿨੠ղੳਫ਼౓ධՁ࣮ݧͷ؀ڥ
࢖༻͢Δָۂ͸ϒϧάϛϡϥʔ 25ͷ࿅शۂͱ͠ɼ౦ԻاըΑΓग़൛͞Εͨಉָۂͷ࿨
੠Λਖ਼ղσʔλͱͯ͠ධՁΛߦ͏ [29]ɽ֤Ϟδϡʔϧͷύϥϝʔλઃఆ͸ҎԼͷ௨ΓͰ
͋Δɽ
• ڧഥɾऑഥɿڧഥʹ̍ɽ̌ɼऑഥʹ̌ɽ̑ɼӨڹ஋ʹ̌ɽ̑
• ࿨Իީิ෇༩ɿϕʔγοΫεϖʔεʹΑΔ࿨Իީิྻڍ
• ָۂ෼ׂɿָઅ୯Ґ
• ࿨੠ߜࠐɿViterbiΞϧΰϦζϜɼॱํ޲૸ࠪɼઌ಄ϊʔυ͸τχοΫɼ຤ඌϊʔυ
͸ٳූ
ਫ਼౓͸ɼௐͱɼௐ্ͷ࿨Ի͕߹͍ͬͯΕ͹Ұக͢Δ΋ͷͱ͠ɼഥઅ୯ҐͰͷҰக਺Λ૯
ഥઅ਺ͰׂͬͨҰக཰ͱ͢ΔɽٻΊͨਫ਼౓Λද 6.1ʹࣔ͢ɽ
࿨੠Ұக཰ =
ௐͱ࿨ԻͷҰக਺
૯ഥઅ਺
× 100 (6.1)
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ද 6.1: ࿨੠ग़ྗʹର͢Δਫ਼౓
ۂ൪߸ ࿨੠Ұக཰ ۂ൪߸ ࿨੠Ұக཰
No. 1 67.11% No. 2 80.91%
No. 3 62.16% No. 4 49.54%
No. 5 56.25% No. 6 54.17%
No. 7 71.88% No. 8 94.44%
No. 9 69.53% No. 10 71.88%
No. 11 81.11% No. 12 47.56%
No. 13 42.26% No. 14 55.86%
No. 15 50.0% No. 16 43.75%
No. 17 77.59% No. 18 70.37%
No. 19 51.75% No. 20 75.44%
No. 21 64.73% No. 22 70.21%
No. 23 77.70% No. 24 84.17%
No. 25 54.29% ฏۉ 64.99%
6.3.3 ࿨੠ղੳख๏ͷߟ࡯
ఏҊख๏Ͱ͸͋Δఔ౓ͷ࿨੠Λೝࣝ͢Δ͜ͱ͕Ͱ͖ͨɽNo.2ͷʮΞϥϕεΫʯ΍No.11
ͷʮ͖ͤΕ͍ʯͷΑ͏ͳɼసௐ΍आ༻͕গͳ͘ɼτχοΫɼυϛφϯτɼαϒυϛφϯτ
΁ͷਐߦ͕΄ͱΜͲͷָۂʹରͯ͠͸͔ͳΓߴ͍ਫ਼౓ΛಘΔ͜ͱ͕Ͱ͖ͨɽ·ͨɼNo.8
ͷʮ༏ඒʯͷΑ͏ͳɼऑഥʹඇ࿨੠ԻΛଟؚ͘Ήָۂ͸ਖ਼͘͠ೝࣝ͢Δ͜ͱ͕Ͱ͖ͨɽ
ಛʹਫ਼౓͕ߴָ͔ͬͨۂͷྫͱͯ͠,No. 9ͷʮङΓʯ͕͋Δ. ͜ͷָۂ͸,ߏ੒Իʹඇ
࿨੠Ի͕͋·Γग़ݱͤͣγϯϓϧͰ͋Γ,࿨੠΋τχοΫ,αϒυϛφϯτ,υϛφϯτͷ
ΈͰߏ੒͞Ε͍ͯΔ. ຊγεςϜ͸͜ΕΒ 3ͭͷ࿨੠ʹભҠ͠΍͘͢ͳ͓ͬͯΓ,࿨Իީ
ิάϥϑʹ΋ग़ݱ͠΍͘͢ͳ͍ͬͯΔ͔Βͩͱߟ͑ΒΕΔ.
No. 24ͷʮͭ͹Ίʯ͸,సௐ͕Α͘ߦΘΕ͍ͯΔָۂͰ͋Δ͕,ຊγεςϜ͸ 84.17%ͷ
ਫ਼౓Λ֫ಘͨ͠. ͜ͷָۂ͸ଐௐ΁ͷసௐ͕΄ͱΜͲͰ͋Γ,·ͨߏ੒Ի΋γϯϓϧͰ͋
Δࣄ͔Βߴ͍ਫ਼౓͕ಘΒΕͨͱ͔Μ͕͑ΒΕΔ. ͭ·Γ,సௐΛଟ༷͠ͳ͍,ͨ͠ͱͯ͠΋
ۙ਌ௐͷΈͰ͋Δָۂ,·ͨԻ౓΋τχοΫ,αϒυϛφϯτ,υϛφϯτ͕ଟ͘༻͍ΒΕ
Δָۂ͸ߴ͍ਫ਼౓ΛಘΔ͜ͱ͕Ͱ͖Δͱ͍͑Δ.
͔͠͠ͳ͕Β,ۃ୺ʹਫ਼౓͕௿͘ͳΔָۂ΋ଘࡏ͢Δ. No.4ͷʮখ͞ͳूձʯͰ͸ɼII
ͷ 4࿨Ի͕ग़ݱ͢ΔɽఏҊख๏Ͱ͸ଐ 7ͷ࿨ԻҎ֎͸ߟྀ͓ͯ͠ΒͣɼIIͷ 7౓͸࿨੠Ի
Ͱ͸ͳͨͩ͘ͷߏ੒Իͱͯ͠ͷѻ͍ʹͳΔͨΊɼޡೝࣝʹͭͳ͕ΔɽIIͷ 4࿨Ի͸Χσ
ϯπʹ͓͍ͯɼαϒυϛφϯτͱͯ͠༻͍ΒΕΔ͜ͱ͕͋ΔͨΊɼྫ֎తʹೝࣝ͢Δඞ
ཁ͕͋Δɽ
No.1ͷʮ͢ͳ͓ͳ৺ʯ΍No.12ͷʮผΕʯͳͲʹ͓͍ͯग़ݱ͢Δଐ 9ͷ࿨Ի΋ਖ਼͘͠
ೝࣝग़དྷ͍ͯͳ͍ɽଐ 9ͷ࿨Իͱ͸ɼଐ 7ͷ࿨Իʹɼ͞Βʹ 9౓ԻΛՃ͑ͨ 5࿨ԻͰ͋Δɽ
୹ௐͰͷआ༻࿨Իʹ͓͍ͯ͜ͷଐ 9ͷ࿨ԻΛ༻͍ΒΕΔࣄ͕ଟ͍ɽಛ௃ͱͯ͠ɼࠜԻΛ
লུ͞ΕΔࣄ͕ଟ͘ɼఏҊख๏ͷ৔߹VIIͷ࿨Իͱޡೝࣝ͞ΕΔɽͦͷͨΊɼࣄલʹआ༻
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ͷೝࣝΛ্ͨ͠Ͱଐ 9ͷ࿨ԻΛݸผʹೝࣝ͢Δඞཁ͕͋Δɽ
ਤ 6.2͸No.16ͷʮͳ͙͞Ίʯͷ 2খઅ͕ͩɼਖ਼ղ͸Ͳͷ۠ؒ΋ϋ௕ௐͷ Iͷ࿨ԻͰ͋
Δʹ΋ؔΘΒͣɼఏҊख๏Ͱ͸τ௕ௐͷ IVͷ࿨Իͩͱೝࣝ͞Εͨɽ͜Ε͸ɼ1খઅ໨ͷ 4
ഥ໨ʹ͓͍ͯɼτ௕ௐͷߏ੒ԻͰ͋ΔF#͕ग़ݱ͍ͯ͠ΔͨΊʹϋ௕ௐͷ Iͷ࿨Ի͕ީิ
ʹݱΕͣޡೝࣝ͞Εͨɽ͜Ε͸࿨ԻީิΛഥઅຖͷΈͰٻΊ͍ͯΔ͔ΒͰ͋Δɽ͜ͷ 2খ
અ͸ϕʔε͕શԻූͰ͋ΔͨΊ్தͰਐߦมΘΔ͜ͱ͸جຊతʹͳ͍ɽϝϩσΟͱϕʔ
εԻͷ෼཭΍ɼάϧʔϐϯάॲཧʹΑͬͯഥઅຖ͚ͩͰ͸ͳ͘ಈతʹղੳ۠ؒΛมԽ͞
ͤΔඞཁ͕͋Δɽ
No. 4ͷʮখ͞ͳूձʯ͸ܦաԻΛଟ༻͍ͯ͠ΔͨΊਫ਼౓͕௿͘ͳͬͨͱ͔Μ͕͑ΒΕ
Δ. ܦաԻͱ͸,ผͷ࿨Ի΁ભҠ͢Δࡍ,ͦͷ࿨ԻؒΛ൒Ի֊Ͱͭͳ͙ͨΊͷԻͰ͋Δ (ਤ
6.3). ղੳʹඞཁͷແ͍ԻΛղੳʹՃ͑ͯ͠·͏ͱؒҧͬͨ࿨ԻީิΛग़ྗ͠΍͘͢ͳΔ.
ద੾ͳ࿨ԻΛग़ྗ͢ΔͨΊʹ͸,ܦաԻΛऔΓআ্͍ͨͰϕʔγοΫεϖʔεͰͷൺֱΛ
ߦ͏ඞཁ͕͋Δ. ຊγεςϜͰ͸ܦաԻͳͲͷඇ࿨੠Իʹରͯ͠ͷॲཧ͸ߦ͍ͬͯͳ͍.
ͦͷͨΊܦաԻΛ༻͍Δָۂ͸ඇৗʹਫ਼౓͕௿͘ͳ͍ͬͯΔ.
ਤ 6.2: ඇ࿨੠ԻʹΑΔޡೝࣝ
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ਤ 6.3: ܦաԻͷྫ
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ୈ7ষ ͓ΘΓʹ
ຊষͰ͸࿨੠ղੳϑϨʔϜϫʔΫʹΑͬͯಘΒΕͨݚڀ੒Ռͱɼࠓޙͷ՝୊ʹ͍ͭͯ
ड़΂Δɽ
7.1 ݚڀ੒Ռ
ຊݚڀͰ͸ɼָయΛߟྀͨ͠࿨੠ղੳख๏ͱɼ࿨੠ղੳϑϨʔϜϫʔΫΛఏҊͨ͠ɽ
࿨੠ղੳख๏Ͱ͸ɼMusicXML΁ഥઅͷ৘ใΛ෇༩͢Δ͜ͱͰɼڧഥɼऑഥΛߟྀ͠
ͨϐονΫϥεม׵͕ՄೳͱͳΓɼඇ࿨੠ԻΛଟؚ͘Ήָۂ΋ਖ਼͘͠ೝࣝ͢Δ͜ͱ͕Ͱ
͖ͨɽTPSΛԠ༻ͨ͠࿨Իؒڑ཭ܭࢉࣜʹΑΓɼ࿨੠Λۙࣅ͠ɼϕʔγοΫεϖʔεʹ
ΑΔ࿨Իީิྻڍ๏͔Βߏ੒Ի͔Β࿨ԻީิΛೝࣝͨ͠ɽΧσϯπΛߟྀͨ͠ਐߦͷߜ
ΓࠐΈΛ TPSͱViterbiʹཔΓ੾͍ͬͯΔ఺΍ɼྟ࣌ه߸ͳͲ·ͩߟྀͰ͖͍ͯͳָ͍
య΋ଘࡏ͢ΔͨΊɼࠓޙ͸༷ʑͳָయΛߟྀͰ͖Δ࿨੠ղੳΛ໨ࢦ͢ɽ
࿨੠ղੳϑϨʔϜϫʔΫͰ͸ɼָේ͔Βഥࢠ͝ͱͷԻූऩू͔Β࿨੠ղੳղੳ·ͰΛ
ࣗಈԽͨ͠ɽ͜ΕʹΑΓ࿨੠ղੳΛࣗಈ࡞ۂ΍ࣗಈฤۂͱ͍ͬͨݚڀ΁ͷԠ༻΍ԻָΛ
ઐ߈͢Δֶੜ΍ԋ૗ऀ΁ͷԋ૗ࢧԉɼֶशࢧԉΛՄೳʹͨ͠ɽҎ্ͷ͜ͱ͔ΒɼఏҊख
๏͸ָۂղੳɼ࿨੠ղੳʹ͓͍ͯ༗༻ͳγεςϜͰ͋Δ͜ͱΛࣔͨ͠ɽ
7.2 ࠓޙͷ՝୊
࿨੠ղੳʹ͍ͭͯ͸ɼΑΓղੳͷਫ਼౓ΛߴΊͯ͘͜ͱ͕ڍ͛ΒΕΔɽఏҊख๏Ͱ͸ָ
యΛ͋Δఔ౓ߟྀͨ͠࿨੠ղੳख๏ΛఏҊ͕ͨ͠ɼඇ࿨੠Ի΍ଐ 9ͷ࿨ԻͳͲɼ·ͩߟ
ྀ͖͠Ε͍ͯͳ͍෦෼͕ଘࡏ͢Δɽ͜ΕΒʹରԠͨ͠ϧʔϧ΍෼ྨख๏ΛఏҊ͢Δ͜ͱ
ʹΑͬͯ࿨੠ղੳͷਫ਼౓޲্Λ໨ࢦ͢ɽ
ϑϨʔϜϫʔΫʹ͍ͭͯ͸ 2఺ڍ͛ΒΕΔɽ1఺໨͸ϞδϡʔϧΛࡉ͔͘෼ׂ͍ͯ͘͠
͜ͱͰ͋ΔɽఏҊख๏Ͱ͸ղੳϞδϡʔϧɼධՁϞδϡʔϧɼฤूϞδϡʔϧɼMusicXML
ม׵Ϟδϡʔϧͷ 4ͭͷϞδϡʔϧΛఆٛ͠ɼͦͷதͰߋʹࡉ͔͘ॲཧΛ෼ׂͨ͠ϝιο
υΛఆٛͨ͠ɽ͔͠͠ͳ͕Βɼઌड़ͨ͠TPSͷܭࢉ͕ࣜมߋͰ͖ͳ͍͜ͱ΍ɼ࿨Իީิ
άϥϑʹΑΔάϥϑ୳ࡧͰͷΈ࿨੠͕ٻ·Δ͜ͱͳͲɼϢʔβʔ͕બ୒ɾௐ੔Ͱ͖ͳ͍
෦෼΋ଟ਺ଘࡏ͢Δɽ͜ΕΒΛϞδϡʔϧԽ͢Δ͜ͱʹΑͬͯߋʹॊೈੑͷߴ͍ϑϨʔ
ϜϫʔΫΛ໨ࢦ͢ɽ
2఺໨͸࿨੠ղੳҎ֎ͷղੳʹରԠ͢Δ͜ͱʹΑΓɼ૯߹తͳָۂղੳϑϨʔϜϫʔΫ
Λ໨ࢦ͢͜ͱͰ͋ΔɽϞνʔϑநग़΍ߏ଄෼ੳͱ͍ͬͨղੳΛϑϨʔϜϫʔΫ্ʹ૊Έ
ࠐΉ͜ͱʹΑΓɼ༷ʑͳղੳΛ࣮ݱ͢Δ͜ͱ͕Ͱ͖ΔϑϨʔϜϫʔΫΛ໨ࢦ͢ɽ
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෇ ࿥A ExtendedMusicXMLε
ΩʔϚ
ຊݚڀʹ͓͚Δ࿨੠ղੳϑϨʔϜϫʔΫͷ݁ՌΛهड़͢ΔͨΊͷExtendedMusicXML
ͷεΩʔϚྫΛιʔείʔυA.1ʹࣔ͢ɽ
ιʔείʔυ A.1: ϑϨʔϜϫʔΫͷεΩʔϚྫ
1 <?xml version="1.0" encoding="UTF -8"?>
2 <xs:schema xmlns:xs="http: //www.w3.org /2001/ XMLSchema"
3 elementFormDefault="qualified">
4 <xs:element name="score">
5 <xs:complexType >
6 <xs:sequence >
7 <xs:element ref="title"/>
8 <xs:element ref="process"/>
9 <xs:element maxOccurs="unbounded" ref="measure"/>
10 </xs:sequence >
11 </xs:complexType >
12 </xs:element >
13 <xs:element name="title" type="xs:NMTOKEN"/>
14 <xs:element name="process">
15 <xs:complexType >
16 <xs:sequence >
17 <xs:element ref="rule"/>
18 <xs:element ref="candidate"/>
19 <xs:element ref="divide"/>
20 <xs:element ref="analyze"/>
21 </xs:sequence >
22 </xs:complexType >
23 </xs:element >
24 <xs:element name="rule">
25 <xs:complexType >
26 <xs:attribute name="down" use="required" type="xs:decimal"/>
27 <xs:attribute name="effect" use="required" type="xs:decimal"/>
28 <xs:attribute name="up" use="required" type="xs:decimal"/>
29 </xs:complexType >
30 </xs:element >
31 <xs:element name="divide">
32 <xs:complexType >
33 <xs:attribute name="method" use="required" type="xs:NCName"/>
34 </xs:complexType >
35 </xs:element >
36 <xs:element name="analyze">
37 <xs:complexType >
38 <xs:attribute name="chord" use="required" type="xs:decimal"/>
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39 <xs:attribute name="direction" use="required" type="xs:NCName"/>
40 <xs:attribute name="method" use="required" type="xs:NCName"/>
41 <xs:attribute name="region" use="required" type="xs:decimal"/>
42 </xs:complexType >
43 </xs:element >
44 <xs:element name="measure">
45 <xs:complexType >
46 <xs:sequence >
47 <xs:element maxOccurs="unbounded" ref="metric"/>
48 <xs:element maxOccurs="unbounded" ref="repeat"/>
49 <xs:element maxOccurs="unbounded" ref="progression"/>
50 <xs:element maxOccurs="unbounded" ref="period"/>
51 </xs:sequence >
52 <xs:attribute name="metricals" use="required" type="xs:integer"/>
53 <xs:attribute name="modulation" use="required" type="xs:NCName"/>
54 <xs:attribute name="number" use="required" type="xs:integer"/>
55 </xs:complexType >
56 </xs:element >
57 <xs:element name="metric">
58 <xs:complexType >
59 <xs:sequence >
60 <xs:element ref="constitution"/>
61 <xs:element ref="pitchclass"/>
62 </xs:sequence >
63 <xs:attribute name="accidental" type="xs:NCName"/>
64 <xs:attribute name="number" use="required" type="xs:integer"/>
65 <xs:attribute name="unit -beat" use="required" type="xs:NCName"/>
66 </xs:complexType >
67 </xs:element >
68 <xs:element name="constitution">
69 <xs:complexType >
70 <xs:sequence >
71 <xs:element maxOccurs="unbounded" ref="component"/>
72 </xs:sequence >
73 </xs:complexType >
74 </xs:element >
75 <xs:element name="component">
76 <xs:complexType >
77 <xs:attribute name="beat" use="required" type="xs:NCName"/>
78 <xs:attribute name="begin" use="required" type="xs:decimal"/>
79 <xs:attribute name="end" use="required" type="xs:decimal"/>
80 <xs:attribute name="ref" use="required" type="xs:integer"/>
81 <xs:attribute name="rest" type="xs:boolean"/>
82 <xs:attribute name="staff" use="required" type="xs:integer"/>
83 <xs:attribute name="step" type="xs:integer"/>
84 </xs:complexType >
85 </xs:element >
86 <xs:element name="pitchclass">
87 <xs:complexType >
88 <xs:sequence >
89 <xs:element ref="C"/>
90 <xs:element ref="Cis"/>
91 <xs:element ref="D"/>
92 <xs:element ref="Dis"/>
93 <xs:element ref="E"/>
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94 <xs:element ref="F"/>
95 <xs:element ref="Fis"/>
96 <xs:element ref="G"/>
97 <xs:element ref="Gis"/>
98 <xs:element ref="A"/>
99 <xs:element ref="Ais"/>
100 <xs:element ref="B"/>
101 </xs:sequence >
102 </xs:complexType >
103 </xs:element >
104 <xs:element name="C">
105 <xs:complexType >
106 <xs:attribute name="pron" use="required" type="xs:integer"/>
107 <xs:attribute name="strength" use="required" type="xs:decimal"/>
108 </xs:complexType >
109 </xs:element >
110 <xs:element name="Cis">
111 <xs:complexType >
112 <xs:attribute name="pron" use="required" type="xs:integer"/>
113 <xs:attribute name="strength" use="required" type="xs:decimal"/>
114 </xs:complexType >
115 </xs:element >
116 <xs:element name="D">
117 <xs:complexType >
118 <xs:attribute name="pron" use="required" type="xs:integer"/>
119 <xs:attribute name="strength" use="required" type="xs:decimal"/>
120 </xs:complexType >
121 </xs:element >
122 <xs:element name="Dis">
123 <xs:complexType >
124 <xs:attribute name="pron" use="required" type="xs:integer"/>
125 <xs:attribute name="strength" use="required" type="xs:decimal"/>
126 </xs:complexType >
127 </xs:element >
128 <xs:element name="E">
129 <xs:complexType >
130 <xs:attribute name="pron" use="required" type="xs:integer"/>
131 <xs:attribute name="strength" use="required" type="xs:decimal"/>
132 </xs:complexType >
133 </xs:element >
134 <xs:element name="F">
135 <xs:complexType >
136 <xs:attribute name="pron" use="required" type="xs:integer"/>
137 <xs:attribute name="strength" use="required" type="xs:decimal"/>
138 </xs:complexType >
139 </xs:element >
140 <xs:element name="Fis">
141 <xs:complexType >
142 <xs:attribute name="pron" use="required" type="xs:integer"/>
143 <xs:attribute name="strength" use="required" type="xs:decimal"/>
144 </xs:complexType >
145 </xs:element >
146 <xs:element name="G">
147 <xs:complexType >
148 <xs:attribute name="pron" use="required" type="xs:integer"/>
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149 <xs:attribute name="strength" use="required" type="xs:decimal"/>
150 </xs:complexType >
151 </xs:element >
152 <xs:element name="Gis">
153 <xs:complexType >
154 <xs:attribute name="pron" use="required" type="xs:integer"/>
155 <xs:attribute name="strength" use="required" type="xs:decimal"/>
156 </xs:complexType >
157 </xs:element >
158 <xs:element name="A">
159 <xs:complexType >
160 <xs:attribute name="pron" use="required" type="xs:integer"/>
161 <xs:attribute name="strength" use="required" type="xs:decimal"/>
162 </xs:complexType >
163 </xs:element >
164 <xs:element name="Ais">
165 <xs:complexType >
166 <xs:attribute name="pron" use="required" type="xs:integer"/>
167 <xs:attribute name="strength" use="required" type="xs:decimal"/>
168 </xs:complexType >
169 </xs:element >
170 <xs:element name="B">
171 <xs:complexType >
172 <xs:attribute name="pron" use="required" type="xs:integer"/>
173 <xs:attribute name="strength" use="required" type="xs:decimal"/>
174 </xs:complexType >
175 </xs:element >
176 <xs:element name="repeat">
177 <xs:complexType >
178 <xs:attribute name="number" use="required" type="xs:integer"/>
179 </xs:complexType >
180 </xs:element >
181 <xs:element name="progression">
182 <xs:complexType >
183 <xs:sequence >
184 <xs:element ref="candidates"/>
185 <xs:element minOccurs="0" ref="harmony"/>
186 </xs:sequence >
187 <xs:attribute name="number" use="required" type="xs:integer"/>
188 </xs:complexType >
189 </xs:element >
190 <xs:element name="candidates">
191 <xs:complexType >
192 <xs:sequence >
193 <xs:element maxOccurs="unbounded" ref="candidate"/>
194 </xs:sequence >
195 </xs:complexType >
196 </xs:element >
197 <xs:element name="harmony">
198 <xs:complexType >
199 <xs:attribute name="key" use="required"/>
200 <xs:attribute name="scale" use="required" type="xs:NCName"/>
201 </xs:complexType >
202 </xs:element >
203 <xs:element name="period">
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204 <xs:complexType >
205 <xs:attribute name="number" use="required" type="xs:integer"/>
206 </xs:complexType >
207 </xs:element >
208 <xs:element name="candidate">
209 <xs:complexType >
210 <xs:attribute name="basicspace" type="xs:decimal"/>
211 <xs:attribute name="id" type="xs:integer"/>
212 <xs:attribute name="key"/>
213 <xs:attribute name="method" type="xs:NCName"/>
214 <xs:attribute name="scale" type="xs:integer"/>
215 </xs:complexType >
216 </xs:element >
217 </xs:schema >
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